Regional and local variation in composition and structure of the tallgrass prairie vegetation of Iowa and eastern Nebraska by White, Jon A.
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1983
Regional and local variation in composition and
structure of the tallgrass prairie vegetation of Iowa
and eastern Nebraska
Jon A. White
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Botany Commons
This Thesis is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University Digital
Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University Digital
Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
White, Jon A., "Regional and local variation in composition and structure of the tallgrass prairie vegetation of Iowa and eastern
Nebraska" (1983). Retrospective Theses and Dissertations. 17289.
https://lib.dr.iastate.edu/rtd/17289
Regional and local variation in 
composition and structure of 
the tallgrass prairie vegetation 
of Iowa and eastern Nebraska 
by 
Jon A. White 
A Thesis Submitted to the 
Graduate Faculty in Partial Fulfillment of the 
Requirements for the Degree of 
MASTER OF SCIENCE 
Department: Botany 
Major: plant Ecology 
Signatures have been redacted for privacy 
Iowa State University 
Ames, Iowa 
1983 
ii 
TABLE OF CONTENTS 
Page 
ABSTRACT ••••• · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii 
INTRODUCTION •••••••••••••••••••••••••••••••••••••••••••••• 1 
STUDY REGION. · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .6 
Climate. · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • .6 
Regional Landscapes ••••••••••••••••••••••••••••••••• 17 
METHODS •••••• · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .21 
Sampling ••••.....••. : ...•..••••...•..•.........•.•.. 21 
Soils ••••• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .25 
Analytical Techniques •• . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 26 
RESULTS ••••••••••••• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .35 
Classification. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .35 
Ordination •...•.••.•..••....•......•......•....•.... 65 
D1 SCUSS ION ••••••••••••••••••••••••••••••••••••••••••••••• 86 
Vegetation Patterns ••••••••••••••••••••••••••••••••• 86 
The Nature of possible Mechanisms 
Underlying vegetation Patterns ••••••••••••••••••••• 125 
CONCLUSIONS ••••••••••••••••••••••••••••••••••••••••••••• 129 
BIBLIOGRAPHy •••••••••••••••••••••••••••••••••••••••••••• 131 
ACKNOWLEGMENTS •••••••••••••••••••••••••••••••••••••••••• 137 
iii 
ABSTRACT 
Tallgrass prairie vegetation, existing as numerous but 
small relicts scattered across the prairie region of central 
North America, exhibits a complex pattern of community 
structure and composition. The objective of this study was 
to partition this complexity into its components 
simultaneously at both local and geographical scales. Sets 
of vegetation samples were used from 11 different prairie 
preserves in Iowa and eastern Nebraska spanning three 
physiographic regions and the full range of upland tallgrass 
prairie habitats. Numerical analyses of the entire data 
set, and partitioned ordination, demonstrated the manner in 
which the patterns of vegetation variation combined to 
produce the tallgrass landscape. The broadest pattern of 
variation, across regional landscapes and within local 
sample sets, was associated with the complex topographic-
moisture gradient. Within this pattern, several directions 
of vegetation variation were apparent, some confounding the 
overall pattern. These included variation across 
differences in subsoil permeability, biogeographic 
differences perhaps reflecting macroclimatic or historical 
factors, and local peculiarities of stand composition and 
dynamics. 
1 
INTRODUCTION 
North American tallgrass prairie vegetation combines 
great local variation in composition and structure with 
geographic patterns of variation in a complex of communities 
which vary continuously along environmental gradients at 
both local and geographic scales. Local variation in 
prairie vegetation most frequently has been related to topo-
graphic position, both in traditional classification studies 
(e.g. Clements 1920, Weaver and Fitzpatrick 1934, Weaver 
1954) and, more recently, in quantitative analyses of gra-
dient patterns (e.g. Curtis 1955, 1959, Dix and Smeins 
1967). Both approaches stress the importance of topographic 
position and, hence, soil moisture in establishing regional 
vegetation patterns, and also demonstrate the wide range of 
local (within site) topographic vegetation variation, often 
approaching the full range of regional variation. Soil mois-
ture variation is attributed primarily to slope position 
and, to a lesser degree, to other site characteristics 
including slope aspect, solar radiation, and soil texture 
(Curtis 1955, 1959, Ayyad and Dix 1964). Gradient analyses 
demonstrate the fundamentally continuous pattern of 
community variation along local topographic coenoclines (Dix 
and Smeins 1967, Redmann 1972, Crist and Glenn-Lewin 1978). 
Topography appears to be such a dominating influence in 
prairie community variation that the regional pattern of 
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vegetational variation is usually represented by the range 
of locally apparent topographic vegetation responses (Weaver 
and Fitzpatrick 1934, Curtis 1955, 1959, Dix and Smeins 
1967, Ralston 1968). Depending on the extent of local 
topographic relief, the range of topographic vegetation 
response may be largely contained within the local land-
scape. Otherwise, it is a simple matter to concatenate 
variation from a handfull of topographically variable sites 
to represent the principal component of regional vegetation 
variation (e.g. Weaver and Fitzpatrick 1934). 
previous community studies have largely failed to con-
sider the relationship between geographic and local patterns 
in tallgrass prairie vegetation. Geographic variation can 
be represented simply by species turnover along geographic 
gradients, as well as by shifting species patterns along 
local community gradients. Local community patterns vary 
geographically by extension or truncation of topographic 
coenoclines along with expansion, contraction, and migration 
of species distributions with respect to locally identified 
topographic gradients. The relative distributions of C3 and 
C4 species (Ehleringer 1978, Boutton, Harrison and Smith 
1980), patterns of ecotypic differentiation (McMillan 
1959a,b), and the community patterns identified by early 
geographic classification (Weaver and Fitzpatrick 1934) and 
reinterpreted in the continuous community view (Curtis 1955, 
1959, Dix and Smeins 1967, Ralston 1968) clearly establish 
3 
the importance of climate in determining large scale 
geographic variation. 
Since the rise of the quantitative Gleasonian approach 
to vegetation analysis, regional scale variation in 
community composition of North American tallgrass prairies 
has always been described in terms of a compositional index 
(Curtis 1955, 1959, Dix and Smeins 1967, Ralston 1968). 
These studies recognize a broadly defined moisture gradient 
as the primary determinant of regional plant distributions. 
The compositional index approach emphasizes the variation 
attributable to this primary gradient (at the expense of 
other components of variation) by using a few selected 
species, most strongly indicative of the primary gradient, 
to determine the index value for each community sample. The 
arrangement of samples along the continuum established by 
the compositional index is then used to analyze patterns of 
species distribution and community variation. In all such 
studies, the primary compositional gradient has been linked 
very closely to variation in topographic position. 
Local prairie studies have clearly established that 
local topographic coenoclines represent complex gradients in 
which slope position interacts with soil texture and 
internal drainage (Whitford 1958, Bliss and Cox 1964), 
degree of local relief and external drainage patterns 
(Whitford 1958, Brotherson 1969), soil depth (Dix and Butler 
1960), salinity (Redmann 1972), and calcium carbonate 
4 
abundance as influenced by erosion or hydrologic recharge 
(Brotherson 1969, Crist and Glenn-Lewin 1978). Differences 
in local geomorphology and geology dictate different pat-
terns of interacting site factors, thereby introducing geo-
graphic variability at several scales from local to regional 
and interregional. 
Though existing regional studies acknowledge complexity 
of the moisture gradient, there has been no resolution of 
the divergent community patterns apparent from locally 
intensive studies, either by partitioning soil moisture into 
its various aspects or by incorporating other environmental 
gradients. Instead, in the summarization of community 
response to soil moisture, community composition has been 
averaged in segments along the continuum to smooth varia-
tion. In this way, local variants which may represent 
stochastic variation around a mean trend are ignored or 
hidden. However, rather than random fluctuation, this noise 
along the continuum often represents complex and less robust 
patterns indicative of unidentified factors or processes 
influencing vegetation distribution. These patterns are 
often lost in the application of the continuum index 
approach (Peet and Loucks 1977). 
In this study, both locally concentrated and regionally 
dispersed vegetation samples are employed to simultaneously 
examine regional and local patterns of variation in the 
tallgrass prairie of Iowa and eastern Nebraska. A recently 
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developed multivariate technique, Detrended Correspondence 
Analysis (DCA, DECORANA, Hill 1979a, Gauch 1982) is used 
along with a related technique of objective classification, 
Two Way Indicator Species Analysis (TWINSPAN, Hill 1979b, 
Gauch 1982). DCA is sensitive to multiple patterns of 
variation, identifying the most robust patterns of composi-
tional variation as well as more subtle patterns. Objective 
classification is useful both for data summarization and for 
the identification of compositionally similar groups between 
which complex or confounding patterns of variation may ob-
scure higher scale patterns (Gauch, Whittaker, and Singer 
1981). Through application of ordination and clustering 
techniques, geographic and gross landscape patterns in veg-
etation demonstrated by large scale trends among groups of 
stands can be identified and compared with local patterns 
among subsets of locally concentrated stands. 
6 
STUDY REGION 
Iowa and eastern Nebraska occupy the heart of the 
tallgrass prairie (Figure 1) at the western· base of the 
prairie peninsula described by Transeau (1935). Although 
prairie vegetation once almost entirely blanketed this 
region, only a few scattered tracts remain. The 11 loca-
tions sampled in this study (Table 1, figure 2) represent 9 
of the largest and best preserved in Iowa, along with 2 
important tracts in Nebraska. Significant attributes of 
each site, including size, location, and geomorphic 
features, are summarized in Table 1. 
Climate 
The climate of Iowa (Waite 1978) and eastern Nebraska 
(Stevens 1978) is strongly continental with marked seasonal 
variation in precipitation and temperature. Summers are 
typically warm (mean July temperature 25C) while winters are 
cold (mean January temperature -8C). Annual precipitation 
is concentrated in the summer months, with approximately 50% 
of the annual total falling from May through August. June 
is the wettest month, and November through February are 
quite dry. Within the study region, most climatic factors 
vary from southwest to northeast. Climate diagrams (Figure 
3, after Walter 1979) for weather stations representing 
geographic extremes of the study region illustrate the 
overall climatic regime. Climatic features of the 
7 
individual sites are summarized in Table 2. 
Summers are dominated by warm southerly air bringing 
moisture from the Gulf of Mexico, while winter is dominated 
by cold, dry Canadian air masses. Occasionally, air masses 
from the southwest bring hot, dry air into the region during 
the summers, while an occasional Pacific air mass may pro-
duce winter or summer moderation. 
Winter dryness may be a critical factor in the distri-
bution of prairie vegetation on a continental scale 
(Borchert 1950, King 1981). The northeast boundary of the 
prairie region is associated with the mean southern extent 
of heavy snows along the Alberta storm track (Borchert 
1950), and the southeastern boundary is associated with the 
average northern extent of heavy winter rains (Borchert 
1950). To the west of these winter storm tracks, lies the 
expanse of the grassland and the eastward-extending wedge 
along which the storm tracks come together is the prairie 
peninsula. 
Dry, southwesterly air is more common to the west of 
the study region. Nonetheless, dry periods and extreme 
droughts associated with protracted incursion of the south-
western air masses into the Midwest are common and appear to 
occur in cycles of several years duration associated with 
changes in jet streams (Borchert 1950, Stevens 1978, waite 
1978). During these droughts, rainfall may be virtually nil 
and daily temperatures very high throughout the summer. 
8 
Figure 1. principal geographic distribution of the 
tallgrass prairie and some related grassland 
communities in central North America 
Redrawn after Risser et al. (1981) • 
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Table 1. Geographic and geomorphic features of the 
study sites along with number and distribution 
of vegetation samples within sites. 
Separate transects are designated by A or B, 
while S refers to scattered plots not included 
within any specific transect. 
Study Site Date 
Preserved 
Landscape: Cary Drift 
Kalsow Prairie 1949 
Stinson prairie 1969 
Cayler Prairie 1960 
Freda Hafner 1972 
Prairie 
Location 
(County, State) 
Pocahontas, Ia 
Kossuth, Ia 
Dickinson, Ia 
Dickinson, Ia 
Landscape: Iowan Erosion Surface 
Hayden Prairie 1945 Howard, Ia 
Crossman Prairie 1976 Howard, Ia 
~vi 11 iams Prairie 1973 Johnson, Ia 
Mark Sand Blackhawk, Ia 
prairie 
Landscape: Kansan Drift 
Sheeder Prairie 1969 Guthrie, Ia 
Nine Mile Lancaster, Neb 
Prairie 
pioneers' Park Lancaster, Neb 
Size 
(ha) 
68 
20 
68 
45 
97 
4 
9 
15 
10 
40 
3 
Total 
Stands 
19 
20 
18 
15 
18 
1 
10 
15 
11 
9 
2 
Transect 
and number 
of Stands 
A-9 
B-9 
S-l 
A-8 
B-l2 
A-13 
S-5 
A-I~ 
B-5 
A-6 
B-6 
S-6 
S-l 
S-l~ 
A-l~ 
B-5 
A-Il 
A-9 
S-2 
13 
Geomorphic Feature 
pothole system - ground moraine 
swell and swale - ground moraine 
shallow slope; grazed plot 
steep slope - end moraine, Algona moraine 
moderate slope - end moraine, Algona moraine 
swell and swale - end moraine 
swell and swale, and esker system - end moraine 
steep kettlehole slope 
steep kettlehole slope 
terminal moraine 
terminal moraine 
gentle ridge and swale 
gentle ridge and swale 
alluvial flats and well~drained ridgetops 
low alluvial flat 
alluvial terrace 
aeolian sand ridge on alluvial terrace 
aeolian sand ridge on alluvial terrace 
moderate to steep hillslope 
moderate hillslope - Kansan drift end moraine 
shallow valley hillslope 
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Table 2. A summary of climatic features of the study 
si tes a 
Study Site 
and Nearest 
weather 
Station 
From: Northeast 
Annual 
Average 
Precipitation 
(mm) 
Hayden, Crossman, 
and Mark Sand 
Prairies: 
Waterloo, Ia 800 
Williams Prairie: 
Iowa City, Ia 832 
Kalsow Prairie: 
Pocahontas, Ia 734 
Stinson prairie: 
Algona, Ia 732 
Sheeder prairie: 
Guthrie Center, Ia 777 
Freda Hafner and 
Cayler Prairies: 
Spencer, Ia 709 
Nine Mile and 
Pioneers' Park 
Prairies: 
Lincoln, Nebraska 653 
To: Southwest 
Hottest 
Monthly 
Mean 
Temp. 
( C) 
23 
24 
24 
24 
25 
24 
26 
Coolest 
Monthly 
Mean 
Temp. 
( C) 
-8 
-6 
-8 
-8 
-6 
-9 
-4 
a Oata are from Stevens (1978) and Waite (1978). 
Growing 
Season 
(days) 
153 
165 
151 
156 
156 
149 
180 
15 
Figure 3a. Climate diagram for the northeastern extreme 
of the study region 
a, station; b, elevation; c, mean annual 
temperature; d, mean annual precipitation; 
e, maximum recorded temperature; f, mean daily 
temperature maximum of the warmest month; 
g, mean daily minimum temperature of the coldest 
month; h, coldest recorded temperature; 
i, curve of mean monthly precipitation; j, curve 
of mean monthly temperature. Scaling of i and j 
follows Walter's format for grasslands and 
savannahs. Shading reflects degree of seasonal 
moisture availability. Months in which mean 
daily minimum temperatures fall below freezing 
are indicated by a black bar along the month 
axis, while months in which at least one frost 
occurs are indicated by a diagonally shaded bar. 
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Figure 3b. Climate diagram for the southwestern extreme of 
the study region 
a, station; b, elevation; c, mean annual 
temperature; d, mean annual precipitation; 
e, maximum recorded temperature; f, mean daily 
temperature maximum of the warmest month; 
g, mean daily minimum temperature of the 
coldest month; h, coldest recorded 
temperature; i, curve of mean monthly 
precipitation; j, curve of mean monthly 
temperature. Scaling of i and j follows 
Walter's format for grasslands and savannahs. 
Shading reflects degree of seasonal moisture 
availability. Months in which mean daily 
minimum temperatures fall below freezing are 
indicated by a black bar along the month axis, 
while months in which at least one frost occurs 
are indicated by a diagonally shaded bar. 
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Regional Landscapes 
The landscapes of Iowa and eastern Nebraska reflect a 
complex history of glacial and interglacial episodes span-
ning the Pleistocene (Wright and Ruhe 1965, Reed, et al~ 
1965, Ruhe 1969). Episodes from the Nebraskan to the 
Wisconsin and Recent are represented by glacial drifts, 
loesses, interglacial paleosols, and erosion surfaces dis-
tributed regionally as variously overlapping and inter-
digitating formations (Ruhe 1969). As a result, the study 
region is a pattern of regionally distributed Quaternary 
landscapes, each distinguished by the materials and process 
from which it formed, relative degree of surface weathering, 
and its geographic extent. The geographic distributions of 
the major landscape units are illustrated in Figure 2 
together with the locations of the prairies sampled. The 
sampled prairies are located on 3 principal landscapes (Ruhe 
1969): the Cary glacial drift plain, the Iowan erosion 
surface, and the loess-mantled Kansan drift plain. 
Cary Drift 
The most recent episode of Wisconsin glaciation in 
Iowa, the Cary (14,000 B.P., Ruhe 1969), is represented by 
the Des Moines lobe of glacial drift which extends south to 
the city of Des Moines (Figure 2). Within the region of the 
Des Moines lobe, are 4 major end moraine systems roughly 
arranged in concentric belts (Wright and Ruhe 1965, Ruhe 
18 
1969). End moraines, with parallel ridges of accumulated 
glacial till associated with glacial margins, are zones of 
greater relief than ground moraine systems or glacial out-
wash plains. Even among the end moraines, local relief is 
seldom as great as 20m and is frequently as little as 3m. 
Terminal moraines, the extreme outer margins of end moraine 
systems marking positions of prolonged stationary glacial 
margins, are narrow belts in which relief tends to be the 
greatest in a recent glacial landscape. Ground moraines 
between the end moraines are characterized by unaligned 
swell and swale topography with little relief (Ruhe 1969). 
Drainage nets are poorly developed throughout the Cary drift 
plain. Prairie potholes, common features of the ground 
moraines, are frequently flooded depressions arranged in 
very weakly defined to undefined drainage systems. 
Iowan Erosion Surface 
The Iowan erosion surface (Ruhe 1969, hereafter referred 
to as the IES) occupies a large portion of northeastern Iowa 
immediately east of the Cary drift (Figure 2). The erosion 
surface, formed during the Wisconsin glaciation, is cut into 
Kansan or even Nebraskan glacial till. It is mantled by a 
thin layer of late Wisconsin loess or by a loam sediment of 
unknown origin deposited during the late glacial and/or 
postglacial times. Thus, soils are two-storied, the upper 
story formed in either the thin loess or the loamy sediment, 
19 
and the lower story formed in the underlying eroded till, 
with a stone line separating the two at a depth of 30 to 75 
cm. Common in the landscape are deposits of aeolian sand 
lying above the stone line. These are often buried by the 
loamy sediment or loess, but occasionally form sand ridges 
on the surface. Topography is gently rolling. Drainage 
nets are better defined on the erosion surface than on the 
Cary drift. 
Loess Mantled Kansan Drift 
The landscapes of southwestern Iowa and eastern 
Nebraska are mostly formed on Kansan glacial drift mantled 
to varying thicknesses by Wisconsin-aged loess originating 
from the Missouri River valley (Figure 3). This loess .is 
thickest along the Missouri, where the Loess Hills of Iowa 
rise strikingly above the flood plain in a ridge separating 
the Iowan and Nebraskan regions of the Kansan drift plain. 
Local relief is greater in the Kansan Drift Plain than in 
the other landscapes described, but it is quite variable 
depending on the local thickness of loess (Ruhe 1969). 
Loess thins systematically from the Loess Hills toward the 
east, accompanied by progressively broader interfluves and 
moderating slopes. Loess is much thinner on the Nebraska 
side of the Missouri, and the topography is correspondingly 
more gently rolling than in western Iowa. 
Sideslopes are cut into glacial till and frequently 
expose paleosols formed durin9 the Sangamon or Yarmouth-
20 
Sangarnon interglacial. Drainage nets are well-defined in 
this landscape. 
21 
METHODS 
Sampling 
All major relics of prairie vegetation owned or managed 
by The Nature Conservancy in Iowa or preserved within the 
Iowa State Board of Preserves system were sampled. In 
addition, 2 sites were sampled in eastern Nebraska. within 
each study site, samples were distributed along transects 
following topographic gradients. The samples were placed at 
variable intervals to best represent the full range of 
variation (cf. Whittaker 1978). The number of transects at 
each study site and the number of samples in each transect 
are recorded in Table 1. 
Although the main object of sampling was upland 
prairie, the inclusion of at least a few lowland stands 
helped to clarify patterns among the upland stands. The wet 
prairie stands are a heterogeneous group which does not 
contain full representation of the patterns of variation in 
lowland prairie but, taken together, clearly establish one 
end of the obvious topographic gradient in vegetation 
response, thereby clarifying the entire topographic pattern. 
In total, 138 vegetation stands were sampled. In 77 
stands, a nested plot sampling design was employed (Figure 4) 
2 2 
with subplots ranging from 0.1m to 1000m (0.1ha) by powers 
of 10. This design permits the use of any of a range of 
standard sample sizes for vegetation analysis, as well as 
22 
the analysis of species diversity at different scales. At 
each sample size cover was estimated for all vascular plants 
2 
as a percentage of total sample area, except in the 1000m 
samples only presence was recorded. 
In 57 stands, a simple 2x10m quadrat was sampled for 
percent cover by species. The use of 2 different sample 
designs resulted from the combination of 2 data sets after 
analysis of the nested plot data indicated that they were 
incomplete. The additional 2x10m plots both extended the 
range of vegetation variation recorded and provided samples 
which filled compositional gaps in the nested plot data set. 
2x10m plots were used for all ordination and 
classification of vegetation data. To create 2x10m plots 
from the nested plot design, side by side lx10m were com-
bined and averaged for cover (one of these subplots being 10 
contiguous 1m2 plots and the other 2 endwise lx5m plots) • 
Only those stands sampled with the nested plot design were 
used in the analysis of species diversity. 
All sample quadrats were placed with the long axis at 
right angles to any evident topographic gradient to maximize 
sample homogeneity. All stands were sampled 2 or 3 times 
during the growing season to record different phenological 
aspects. The maximum cover recorded for each species was 
used in data analysis. 
In total, 343 species were encountered. For ordination 
and classification, only those species occurring in 5 or more 
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stands were used; these numbered 168 species. Nomenclature 
follows Gleason (1952) except for the grasses, which follow 
Pohl (1966). 
Soils 
Whole-profile characteristics of soils proved useful in 
understanding vegetation patterns. Soil variability in the 
study region is characterized by variations among 
constellations of morphological and chemical features asso-
ciated with horizon differentiation. Patterns are inter-
pretable in the context of soil genesis processes expressing 
different past environments. The alternative of conducting 
detailed and extensive chemical and physical measurements 
for samples in all 138 sites was impractical, both because 
of expense and because of the difficulty of relating these 
multiple, partially covarying attributes to the vegetation 
data in a meaningful and interpretable way. 
In each stand, the soil series was identified from small 
core samples. The soil series for each stand is recorded in 
Table 3. Geographic distribution and topographic relations 
described for soil series catenas (Oschwald et ale 1965) 
simplified field identification of series. Reliable data on 
several physical and chemical variables throughout the solum 
are available for each described series from USDA county 
soil surveys (Buckner and Highland 1974, Russell, 
Dideriksen, and Fisher 1974). Soil survey data are 
presented as average ranges for soil variables based on 
26 
thousands of samples collected across a state for each soil 
series (cf. Oschwald et ale 1965). The data can be used to 
generate rank order scalars for soil variables. A statewide 
synthesis of soil survey information for Iowa (Oschwald et 
ale 1965) identifies patterns of variation in soil profile 
characteristics related to topographic and Quaternary land-
scape features. Differences in general characteristics and 
patterns of soil variation between catenas of different 
landscapes are often conspicuous because of differences in 
parent material, local relief, and horizon development. The 
most useful variable proved to be soil permeability. Soil 
permeability at various depths in each series, as reported 
in soil surveys, is recorded in Table 4 along with a scalar 
to express rank ordering among the series. 
A topographic drainage scalar employed by Dix and 
Smeins (1967) was used to characterize external drainage of 
each stand. The value of this scalar was determined using a 
key to drainage conditions with values ranging from 1 for 
excessively drained to 6 for permanently incomplete drainage 
(Dix and Smeins 1967). 
Analytical Techniques 
The analyses of vegetation data utilized a classifica-
tion technique, Two Way Indicator Species Analysis 
(TWINSPANi Hill 1979b, Gauch and Whittaker 1981, Gauch 
1982), and an 6rdination technique, Detrended Correspondence 
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Analysis (DCA or DECORANAi Hill 1979a, Hill and Gauch 1980, 
Gauch, Whittaker, and Singer 1981, Gauch 1982). 
TWINSPAN 
TWINSPAN is an objective, polythetic, divisive 
technique in which species characterizing the compositional 
extremes of a primary reciprocal averaging ordination axis 
(RA, Hill 1973) are used to polarize samples in a secondary 
weighted average ordination. This secondary ordination is 
divided at its center (as weighted by the number of stands 
on each side and their dispersion along the axis) to yield 2 
groups. Repeated divisions within the groups (using the 
same algorithm) generate a hierarchy of classes. Classes 
are completely objective compositional units arbitrarily 
delimited by the criteria controlling divisions. 
Simultaneous classification of stands and species is 
represented in a two way table. Gauch and Whittaker (1981) 
found TWINSPAN generally more effective than other 
hierarchical techniques in recovering structure from both 
simulated and natural data. 
DCA 
DCA is a refinement of RA (Hill 1973, or Correspondence 
Analysis, CA, Hill 1974), which corrects two important 
deficiences of RA. These corrections are accomplished by 1) 
using weighted detrending to eliminate the arch effect 
occurring when second and higher order axes represent poly-
nomial functions of lower order axes, and 2) rescaling axes 
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by segments to eliminate dispersion distortion at each 
iteration in the algorithm (Hill and Gauch 1980). Gauch, 
Whittaker, and Singer (1981) examined the relative 
effectiveness of DCA and other nonmetric ordination 
techniques with natural and simulated data and found DCA 
more consistently effective. DCA generates simultaneous 
ordinations of stands and species in ~he same ordination 
space. This ordination space is evenly scaled throughout by 
the average standard deviation of species' importance value 
distributions. DCA responds well to multiple dimensions of 
variation and large beta diversities, generally yielding 
axes free of terminal inversion and convolution as well as 
moderately successful segregation of confounding patterns of 
variation. The scaling of DCA contributes to its relative 
insensitivity to limited compositional gaps in vegetation 
data. 
Table 3. 
Study 
Ute 
cary~ 
Italsow 
Stinson 
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A summary of topographic and soil features of 
individual stands sorted by landscape, study site, 
and transect 
nansact Stand Relative Soil Series Topographic Int.rnal 
Slope Drainage a Drainage b positIon Scalar Value scalar value. 
A 1 svell crest Clarion 3 ) 
2 Nicollet 3 3 
3 Nicollet ) 3 
4 potl1oi~ edge Nicollet-W.bster 4 4 5 webster 4 4 
6 NiCOllet-Webster 4 4 
7 Nicollet 3 ) 
8 lIicoUet 3 3 
9 swell cr.st Clarion ) 3 
B 1 caidalope Nicollet 3 3 
2 Nicollet 4 3 
3 Lowalope W.Ds~.r 4 4 
4 Lov.Lope webseer 4 4 
5 Lowalope W.bster 4 4 
6 Nicollet 3 3 
7 "'ids lope Nicollet 3 ) 
8 Clarion 3 ) 
9 l1illcrest Clarion ) 3 
S grazed "Lot Nicoll.t 
",idslope 
A 1 5_11 er •• t Clarion 3 3 
2 high sLop. Clarion 3 3 
3 ste.p sbould.r slope Stord.n 2 3 
4 st •• p slope Stord.n 1 ) 
5 at •• p ",idalope Clarion 2 ) 
6 Lov st •• " slope Clarion 3 3 
7 to. alop. Nicoll.t 4 3 
8 aval. edg. W.bst.r 4 4 
B 1 l1ill crest Clarion ) 3 
2 111gb slope Clarion 3 ) 
3 Clarion 3 3 
4 Clar ion 3 3 
5 ",idalo"e !licoU." 3 3 
6 Nicoll.t 3 3 
7 lIicollet ) 3 
8 . Nicollet 3 3 
9 lovslope Nicollet 3 3 
U toe slope Nicolle" 4 ) 
11 sval. edg. Webster 4 4 
II swal. edge Web.ter 4 4 
aThe topographic scalar follows Dix and Smeins (1967), 
ranging from 1 for excessive drainage to 6 for permanently 
incomplete drainage. 
bThe internal drainage scalar is determined from soil 
permeability data reported in USDA county soil survey 
descriptions for soil series (converted from English units 
to cm percolation/ hour) • 
1 > 
2 
3 
180 cm/hr 
57-180 cm/hr 
18-57 cm/hr 
4 2.5-57 cm/hr 
5 2.5-18 cm/hr 
6 < 2.5 cm/hr 
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Table 3. continued 
Study Tr:an •• ct Stand aeheive Soil Series Topoqcapllic Internal 
51te Slope Orainaqe Orainage 
Position Scalar Value Scalar value 
Cayler 1 lIill cre .. t Clarion 3 3 
2 ste.p sllould.r Storden 2 3 
3 lIiqll slap. Clarion 3 3 
4 lIiqll-l1Iidalope Clarion 3 3 
5 .,idslope Nicollet 3 3 
6 .,id-Lo" slope Nicollet 4 3 
7 low slope !licollet 4 3 
a low slop. Webster 4 4 
9 swale Harps 5 5 
la Low slope Webster 4 4 
11 .,idslope !licollet 3 J 
L2 .,idslo"e Clarion 3 3 
13 lIiqll slope Clarion J 3 
S 1 •• )cer e.r •• ~ Estherville 2 1 
2 esker slope Estherville J 1 
J hiqll slop. Clarion J J 
4 hiqll slop. Clarion J 3 
5 low slope Webster 4 4 
rreda A 1 to. slope Terril 4 1 3 1 Hafner 2 Low, n_p slop. T.rril 1° 1 Itettlellol. 3 st.ep .,idslope Salida 1 1 4 st.ep slope Salida 
5 st_p slope Salida 1 1 
6 narrow e: •• t Salida 1 1 
7 st •• p slope Salida 1 1 
a It •• p ."dalope Sdida 1 1 
9 low, st_p slope T.rril 1 1 
III to. slope terril 4 1 
B 1 narr:ow cre.t Salida 1 1 
2 st •• p slope Salida 1 1 
3 ste.p slope Sdida 2 1 
4 st •• p .,idalope Salida 2 1 
5 to. slope T.rril 4 1 
..!.£!!!.!l~~ 
Hayd.n A 1 q.ntle ridqe cre.t Cr •• co 3 6 
2 hiqh slop. Cresco 3 6 
3 .,idslope Cr •• co 3 6 
4 sid-low slope protivin 3 6 
5 10" .lope ?rotivin 4 6 
6 10" alluvial nat Floyd 4 3 
Hayden B 1 qentl. ridq. cr •• t Cr •• co 3 6 
2 hiqh slope Cr •• co 3 6 
3 .,idUope Cl: •• co 3 6 
4 .,id-low slope Protivin 3 6 
5 lIIid-low slope Protivin 3 6 
6 low .andy IIIOUad Ostrand.r 4 3 
S .,iddop. Jameston 3 6 
low slope Jameseon 4 6 
low alluvial nat Clyde 4 3 
4 low alluvial nat Clyde 4 3 
5 hill top Cre.co 2 6 
6 low alluvial nat Clyde 4 3 
Cro.s_n S low alluvul flat Floyd 
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Table 3. continued 
Study Transect Stand RelatIve Soil Seri •• Topograpnic Internal Orainag. Crainage Site Slope Scalar Value Scalar value Position 
Mark Sand A 1 Iwale edge Marsn 5 6 5 6 2 10 .. slope Mann-Sparta 3 L 3 Low-midslope S"area 3 L 
• midslope S"area 3 L 5 ridge crese S"arta 3 1 6 ridge er.at S"arta 
7 midslope S"arta 3 L 
8 mldalope S"arta 3 L 
9 low slope Palm's Muck 5 6 
U swaL. edg. PaL .. ' SMuck 6 6 
B L s .. aLe edge Palm'l Muck 6 6 
2 low slope Sparta 3 1 
3 midslope Sparea 3 L 
• hign slope Sparta 3 1 5 ridge creat Sparta 3 L 
Williams alluvial terrace- • 2 Ilignt rlSe Lamont 5 6 
2 10 .. flat Zook 5 6 
3 10 .. nat Zook 5 6 
4 10 .. nat Zook 6 6 
5 low nat Zook 6 6 
6 10" flat Zook 6 6 
7 La .. flat Zook 6 6 
8 low flat Zook • • 
9 slignt rlSe Lamont-Zook • • 
U slignt rise Lamont-Zook 
!!!!!.!!l E.ll!S 
Sneeder A L hillcrest Snarpsburg 2 
2 .noulder slope Sharpsburg 2 
1 upper slope Adair 2 
• mid.lope Adair-Shelby 
3 
5 lowslope Shdby 3 
6 toe slope Judson-Colo 4 • 7 lowslope Shelby 3 5 
8 Low-midsLope Shelby 2 5 
9 steep midslope Shelby 2 5 
La steep u"per slope SheLby 2 5 
11 hlllere.t Sharpsburg 2 4 
!line Mile A 1 low slope Shelby 1 5 
2 low slo". Shelby 1 5 
3 low midslope Steinauer 1 4 
4 mid.lope Steinauer: 3 4 
5 midslope Steinauer 3 4 
6 upper slope Burenard 3 5 
7 upper slope Burchard 3 5 
8 snoulder slope Stainauer 2 • 9 midalope Steinauer 1 • 
Pion_rill' park S L .. ids lope Steinauer 5 
2 midalope Steinauer 5 
32 
Table 4. U~DA coun~y soil survey data on soil permeability 
wlth proflle depth, and the scalar values assigned 
to represent internal drainage, for every soil 
series encountered in 138 vegetation samples. 
a. Cary drift landscape. Data from Russell, 
Dideriksen, and Fisher (1974). a 
Soil Depth 
Series (em) 
Storden 0-145 
Clarion 0-26 
27-72 
73-145 
Nicollet 0-41 
42-89 
90-122 
Webster Q-50 
51-96 
97-145 
Harps 0-39 
40-70 
71-145 
Esther- 0-31 
ville 32-44 
45-145 
Salida 0-26 
27-87 
88-145 
Terril 0-70 
71-113 
114-137 
Permea-
bility 
(em / hr) 
18-57 
18-57 
18-57 
18-57 
18-57 
18-57 
18-57 
18-57 
2.4-57 
18-57 
18-57 
18-57 
18-57 
57-180 
57-180 
lS0-570 
57-180 
lS0-570 
>570 
18-57 
18-57 
180-570 
Depth to 
Seasonal 
High Water 
Table (m) 
>1.5 
>1.5 
1.0 
0.7-1.3 
Seasonally 
flooded 
>1.5 
>1.5 
>1.5 
Internal Parent 
Drainage Material 
Scalar 
. 3 Glacial till 
(Wisconsin) 
3 Glacial till 
(Wisconsin) 
3 Glacial till 
(Wisconsin) 
4 Glacial till 
and sediments 
(Wisconsin) 
5 Glacial till 
and sediments 
(Wisconsin) 
1 Glacial till 
over coarse 
sediments 
(Wisconsin) 
1 Coarse 
glacial debris 
(Wisconsin) 
1 Sediments 
over coarse 
glacial till 
(Wisconsin) 
aThe Estherville series was defined more recently than the 
others in a survey of Dickinson County, Ia. Data are 
available from the USDA Soil Survey Staff and forthcoming in 
the Soil Survey of Dickinson County, Ia. 
Table 
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4. continued 
b.Iowan erosion surface landscape. 
and Highland (1974). 
Data from Buckner 
Depth to 
Soil Depth Permea- Seasonal Internal Parent 
Series (em) bility High Water Drainage Material 
(em / hr) Table (m) Scalar 
Cresco 0-31 18-57 seasonally 6 Sediments 
32-60 18-57 perched over Kansan 
61-96 0.7-2.5 gumbotil 
97-145 0.7-2.5 
protivin 0-35 18-57 0.5-0.7 6 Sediments 
36-55 18-57 over Kansan 
56-145 0.7-2.5 gumbotil 
Jameston 0-53 18-57 0.3-0.7 6 Sediments 
54-100 0.7-2.5 over Kansan 
1'11-197 0.7-2.5 gumbotil 
Floyd 0-46 18-57 0.5-0.7 3 Deeper 
47-82 18-57 sediments 
83-186 18-57 over Kansan 
gumbotil 
Clyde 0-57 18-57 0.3-0.7 3 Deep 
58-98 18-57 sediments 
99-159 18-57 over Kansan 
gumbotil 
Ostrander 0-55 18-57 >1.5 3 Sediments over 
56-87 18-57 loamy till or 
88-170 18-57 stream benches 
Lamont 0-31 57-180 0-15 2 Sandy stream 
32-68 57-180 bench 
69-145 180-570 
Zook 0-62 0.7-2.5 0-1.0 6 Alluvium 
63-145 0.7-2.5 
Sparta 0-35 57-180 >1.5 1 Aeolian sand 
36-145 180-570 
Muck or 0-145 0.7-2.5 Seasonally 6 Alluvial 
Palm's Muck flooded sediments 
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Table 4. continued 
c. Kansan drift landscape. Data from Russell, 
Dideriksen, and Fisher (1974) and Brown et ale 
(1980) • 
Depth to 
Soil Depth Permea- Seasonal Internal Parent 
Series (em) bility High Water Drainage Material 
Icm t. hr) Table !m) scalar 
Sharps- 3-31 lS-57 >15 4 r..oess 
burg 32-9S 2.5-1S 
99-127 1S-57 
Shelby 3-33 lS-57 >15 5 Glacial till 
34-72 2.5-1S (Kansan 
73-145 2.5-1S gumbotil) 
Adair 3-26 2.5-1S Seasonally 6 r..ate Sangamon 
27-S0 37-2.5 perched paleosol 
81-l45 2.5-1S 
Judson 3-65 lS-57 1.3-2.0 3 Alluvium 
66-153 1S-57 over glacial 
till 
Colo. 3-94 2.5-1S 0.3-1.3 5 Alluvium 
95-163 2.5-1S 
Steinauer 3-12 1S-57 >1.5 4 Glacial till 
13-l45 2.5-57 (Kansan or 
Nebraskan 
gumbotil) 
Burchard 3-16 2.5-1S >2.3 5 Glacial till 
17-S0 2.5-1S (Kansan or 
Sl-145 2.5-1S Nebraskan 
gumbotil ) 
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RESULTS 
Classification 
The results of stand classification by TWINSPAN are 
illustrated by the dendrogram in Figure 5. The pattern of 
repeated divisions defines hierarchical clusters of stands 
at several levels which are treated as different levels of 
vegetation classes. Heights of clusters are simply defined 
by the division level at which they are identified. In 6 
levels of division, 27 classes are generated, ranging in 
size from 1 to 16 member stands. A minimum class size of 5 
members was designated for continued division so that not 
every cluster divides in all 6 divisions. Asymmetry at a 
division identifies small groups of compositionally distinct 
stands. 
The division pattern serves to identify compositional 
variability in relation to 2 scales of environmental varia-
tion, gross topographic-moisture variation first, followed 
by variously related finer scale habitat variations. The 
first 2 divisions clearly differentiate the wet and dry 
extremes in the vegetation, leaving a large intermediate 
mesic class. The designation of these as wet, mesic, and 
dry (and similar designations throughout) is merely relative 
to this particular data set. 
Significant vegetation variation with topographic posi-
tion was apparent at all prairies sampled~ Most of the 
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Table 5. 
Community 
type 
Wet Prairie 
IES Lowlands 
IES Uplands 
Wet Mesic 
Moist Mesic 
Mesic 
38 
Identification of the individual vegetation 
samples (stands) comprising each TWINSPAN 
community type 
Alphabetical Number 
designation of stands 
A 13 
B 5 
C 14 
D 7 
E 15 
F 26 
Study site, Transect, 
and Stand 
Mark Sand A- 1,2,9,10 
1 
Williams 
Cayler 
B-
S-
A-
2-8 
9 
Mark Sand A- 3 
Hayden A- 6 
S- 4,6 
Williams S- 1 
Hayden 
Crossman 
Kalsow 
Williams 
Cayler 
A- 1-5 
B- 1-5 
S- 1-3 
S- 1 
A- 4 
B- 3,4 
S- 1 
S- 9,10 
A- 8 
Kalsow B- 5-9 
5-7 
10-12 
5 
1,10 
5 
Cayler A-
A-
S-
Freda Hafner A-
Kalsow 
Stinson 
Cayler 
B-
A- 1-3 
A- 5-9 
B- 1,2 
A- 6-8 
B- 2-12 
A- 1,13 
Moist-Mesic-
Well-Drained 
G 5 Sheeder 
Hayde 
A- 4-6 
S- 1,5 
Dry-Mesic: H 
Nebraska 
11 Nine Mile A- 1-9 
pioneers' S- 1,2 
Park 
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Table 5. continued 
Community Alphabetical Number Study site, Transect, 
type designation of stands and stand 
Dry-Mesic: I 23 Stinson A- 1-5 
Iowa B- 1 
Sheeder A- 1-3, 
A- 6-10 
Freda Hafner A- 2 
B- 3,4 
Cayler A- 2,3,4 
B- 2,3,4 
Gravel Hills J 10 Freda Hafner A- 3-9 
B- 1,2 
Cayler S- 1 
Sand K 9 Mark Sand A- 4-8 
B- 2-5 
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prairies sampled included 2 of the 3 gross topographic-
moisture divisions, depending on the particular range of 
topographic variability of the location and the correspond-
ing placement of vegetation samples. Most sites would have 
contributed to all 3 divisions had sampling of lowlands been 
more extensive. Despite obvious topographic variation in 
vegetation, the westernmost stands, from Nebraska, contri-
buted only to the dry prairie division. This is almost 
certainly a reflection of the dominant east-west macro-
climatic gradient in temperature and precipitation. 
After the 2 initial divisions, topographic position 
within a segment of landscape (a coenocline) is not the 
determining factor associated with assignment to a class. 
Instead, subsequent divisions primarily reflect differentia-
tion among sampling locations rather than continued topo-
graphic partitioning along a transect. Asymmetrical divi-
sions at the third and fourth level distinguish 3 relatively 
small classes corresponding to local sample sequences from 3 
edaphically distinct sites. These sites are characterized 
by sandy soil, gravelly soil, and slowly permeable subsoils, 
respectively. In contrast to these three classes, each of 
the larger classes defined at the third and fourth division 
levels includes stands from several prairies, but groups of 
stands in local topographic sequences within a class are 
easily recognized. Subsequent divisions within these latter 
classes (in the fourth, fifth, and sixth levels) separate 
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groups of stands largely by locality, the individual classes 
of each successive level comprising stands from progressive-
ly fewer prairies. The effect is to produce classes after 
the sixth division nearly all of which are dominated by a 
coenocline segment from a single site. In those classes 
including se~ments from more than one prairie, the fore-
going pattern clearly suggests that another division would 
separate these segments by prairie as well. 
Separation of stands from the same prairie into dif-
ferent classes primarily reflects gross topographic-moisture 
differences, but a limited effect of smaller-scale topo-
graphic variation in the definition of lower level classes 
is apparent for individually distinctive stands and from the 
separation of different coenoclines from the same prairie. 
Distinctive individual stands from Hayden, Sheeder, and 
Cayler Prai~ies are assigned to classes separate from the 
majority of stands from those locations (Table 5), while two 
coenoclines of slightly different ~opographic character from 
Kalsow Prairie are clearly separated into different classes 
(Tables I and 5). 
Community types are objectively defined by TWINSPAN 
clusters using the level at which each cluster still 
includes stands from more than one prairie. This is 
generally determined at the fifth division level. 
Exception is made for those small compositionally distinct 
classes of edaphically distinctive locations (as noted 
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above) in which a single prairie accounts for all members 
of a community type. The data summarization value of 
classification by community types is limited if each sample 
location must be treated as a separate vegetation type, but 
at the same time, inclusion of too many different sites in 
the community type, if defined by higher level clusters, 
limits the conveyance of overall vegetation variability. 
The types as defined represent a compromise between these 
opposing limitations. 
Even though clusters are compositionally defined, com-
positional characterization of classes by 1 or 2 dominant or 
characteristic species is generally inadequate. To illus-
trate this, composition of the community types is summarized 
in Table 6 with types arranged left to right following 
TWINSPAN ordering as in Figure 5, and species ordered from 
top to bottom by the species classification generated by 
TWINSPAN. Modal (highest) values for cover and constancy 
are underscored. 
The structure of Table 6 facilitates compositional 
comparison of community types. Several features are quickly 
apparent: 1) many species are widely distributed in the data 
set; 2) some species are largely restricted to a particular 
type (e.g. sand prairie or Nebraska dry-mesic community 
type) but most types are not distinguished in this manner; 
3) an overall compositional gradient is apparent from 
species presence as well as variation in cover of widespread 
43 
species; 4) some types (e.g. sand prairie and Iowan erosion 
surface upland types) exhibit anomalous compositional 
features relative to this overall compositional gradient 
among the types through disjunctions of species occurrence 
or importance. A similar table of the classes formed at 
lower levels of division would further emphasize the com-
plexities of compositional relations among the types. 
TWINSPAN seeks a best order of classes along a single 
compositional gradient. This compositional gradient is 
recognizable in a diagonal pattern of variation in species 
occurrences and importance across Table 6. However,. composi-
tional similarities among disjunct classes along the gra-
dient reveal other patterns of variation contributing com-
plexity to the overall pattern of variation. The best 
examples of such complexities are the compositional similar-
ities between the IES Uplands and Dry-Mesic: Iowa community 
types, IES Uplands and Gravel Hill community types, and 
between the Sand Prairie and Wet Prairie community types 
which are placed at oppositie ends of the TWINSPAN class-
ification. 
Species from a small group of characteristic prairie 
graminoids are dominant in all types, the types differing in 
the relative abundances of these dominants. Differences 
between types are often best expressed by the subtle varia-
tions in relative abundance among large groups of species 
all with low abundances. Therefore, the TWINSPAN classes do 
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not represent dominance types which are consistent or clearly 
identifiable by one or two species. Only at the highest 
division levels are differences in presence of dominant 
species apparent, but at such high division levels the 
extensive variation in relative importance among these 
dominant species and variation in the presence of less 
abundant species within the classes is not expressed. The 
repeated use of the same dominant species' names in differ-
ent combinations to uniquely identify the vegetation types 
is, at best, confusing. For these reasons, environmental 
characterizations are used here to designate community 
types. 
The difficulties just cited in assigning unique, 
compositionally descriptive names to community types is a 
product of a general pattern of compositional complexity in 
the tallgrass prairie, but also illustrates a basic 
structural attribute (Table 7). Upland tallgrass prairies 
1) are species rich, 2) exhibit low dominance in most cases, 
and 3) do not vary greatly in diversity characteristics from 
one type to another. Figure 6 illustrates dominance-
diversity curves (DD curves, after Whittaker 1965) for 
stands representative of each community type. Despite 
extensive compositional differences, the DD curves are 
strikingly similar above the l.~% relative cover level. The 
only apparent differences are minor variations in the number 
of species with 1-5% relative importance (e.g., increased 
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Table 7. Aspects of species diversity relations among the 
community types defined in the text 
Species richness with increasing sample area is 
an average for all the samples in a type. a 
Concentration of dominance (C) and the Shannon-
Wiener index (HI) are reported for representative 
vegetation samples; dominanc~ diversity curves of 
the same samples are illustrated in Figure 6. 
2 
Sample Area (m I 
Community 
1';Lpe 1 HI 20 100 1000 C H' 
Wet (AI 8.3 16.6 21.0 29.0 51.0 \3. 37 0.6"9 
IES Lowlands (B) 16.2 35.5 40.5 5.2.5 68.5 0.23 0.912 
IES Uplands (C) 20.7 45.8 49.8 59.1 72.3 0.20 1.036 
Wet Mesic (0) 18.3 37.6 40.8 44.4 52.2 0.17 0.879 
Moist Mesic (El 14.5 30.0 32.5 40.5 55.0 0.30 1. 1351 
Mesic (P) 19.0 41.3 44.0 51. 9 64.0 0.11 1. 300 
Moist-Mesic-
Well-Drained (Gl 20.3 40.0 41.5 55.8 67.0 0.19 ".749 
Dry-Mesic: 
Nebraska (HI 17.0 35.5 36.3 48.8 61. 4 0.17 0.873 
Dry-Mesic: 
" Iowa (II 18.3 40.7 43.0 52.5 60.5 0.09 0.968 
Gravel Hill (Jl 15.1 31.7 33.3 43.7 54.0 0.11 1.380 
Sand (K) 14.2 29.5 30.8 37.3 51. 2 0.19 0.895 
~he total number of samples included within each community 
type is reported in Table 5. Because of the difference in 
sampling scheme among plots (see Methods), only the 20 m2 
category includes richness data for all samples in the 
respective community types. All other sample area 
categories include data from nested plot samples only 
(Figure 4). The numbers of nested plots per community type 
are as follows: Wet-3, IES Lowlands-2, IES Uplands-8, Wet-
Mesic-7, Moist-Mesic-12, Mesic~9, Moist-Mesic-Well-Drained-
4, Dry-Mesic: Nebraska-ll, Dry-Mesic: Iowa-20, Gravel Hill-
3, Sand-4. 
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Table 8. The increase in species richness with sample area 
by study site. (Nested plot data included only.) 
Number 
Study of Nested 
Site Plot Samples 1 HI 213 11313 1131313 
Kalsow prairie 8 18.3 39.5 42.9 46.8 56.2 
Stinson Prairie 113 21.2 44.8 47.5 56.7 75.13 
Cay1er Prairie 8 12.7 28.2 31.9 413.2 48.2 
Freda Hafner 5 15.2 33.2 35.2 43.6 53.6 
prairie 
Hayden Praiz:ie 8 213.5 45.5 49.8 60.0 73.2 
Crossman Prairie 1 18.1 39 42 513 64 
Mark Sand prairie 4 14.2 29.5 313.8 37.13 51.2 
Williams prairie 3 11.2 23.7 27.7 32.13 54.3 
Sheeder Prairie 11 213.5 413.8 42.13 55.8 66.4 
Nine Mile Prairie 9 16.2 34.8 38.8 44.2 61.2 
pioneers' Park 2 21.13 39.13 49.13 54.13 62.13 
Prairie 
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proportion of species in this range in the sand prairie, 
moist-mesic, and gravel hill prairie community types) and 
the increased lengths of the tails of the distributions of 
the richer types representing the large numbers of species 
with low abundance. Dominance (relative cover >10%) is 
generally shared by 2 or 3 species ordered in a sharply 
descending magnitude of importance. A few more species are 
of intermediate importance (1-10% relative cover), while 
half to 3/4 of all species are of very low importance «1% 
relative cover). 
The DO curves most closely approach a geometric 
progression of relative species abundances typically asso-
ciated with harsh environments with high density-independent 
mortality (Whittaker 1977). The species richness of these 
tallgrass prairie stands, however, is much greater than 
many communities exhibiting such species importance distri-
butions. Small stature (cf. Naveh and Whittaker 1978) and 
the dynamics associated with sparseness (Rabinowitz 1978) 
may be important. in understanding the distribution of impor-
tance values in tallgrass prairie. 
Species richness and diversity indices are also similar 
among community types. In Table 7, species richness at 
various sample sizes, Simpson's Index of concentration of 
dominance (c, Peet 1974), and the Shannon-Wiener information 
index (H', Peet 1974) are listed by community type. 
Diversity indices are calculated from the stands used for DO 
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curves in Figure 6. Because the sampling scheme was not 
strictly randomized with equivalent representation of all 
vegetation types, it is not possible to apply reliable 
statistical analyses to examine differences in species rich-
ness among types or locations. Therefore, the simple 
results are reported for comparison. 
Richness is somewhat higher among intermediate types of 
the classification than it is at the wet and dry extremes, 
but dominance (c) is markedly higher than most other types 
only in the sedge meadow type, and equitability (HI) is 
markedly lower only in the same type. 
Mesic prairie richness at 0.lha is high by North 
American standards (Peet, Glenn-Lewin, and Wolf 1983), being 
greater than most temperate forests and comparable to cove 
forests of the Great Smoky Mountains (Whittaker 1956, 1977) 
and desert savannahs of the Santa Catalina Mountains 
(Whittaker and Niering 1975), two of the richest communities 
reported in North America. 
Table 8 shows that the most conspicuous differences in 
richness are site-specific rather than type-specific. 
Differences in management history appear to be responsible 
for the most significant differences. Cayler Prairie and 
Mark Sand Prairie exhibit the effects of moderate grazing in 
the past, having lower species richness. 
In the following section, the vegetation types are 
described by general environmental, compositional, and 
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structural features. To the extent that it is possible, the 
types are compared to communities reported in the 
literature. The initial breakdown is by wet, mesic, and dry 
communities. 
wet Prairie Division 
Wet Prairie Type The wet prairie stands occupy a 
variety of low lying situations including pothole edges, 
swales, and wet alluvial terraces. There are too few sam-
ples to characterize the various compositional patterns 
among lowland prairies, and therefore, these stands are 
presented as a simple wet extreme relative to the upland 
prairie. All members of the wet Prairie community type are 
strongly dominated by Carex spp. (average cover 78%). Due 
to rarity of flowering, similarity of appearance, and 
similarity of habitat, all tall, coarse, Carex spp. were 
combined in data analysis. The grasses Poa pratensis, 
Calamogrostis canadensis, Muhlenbergia racemosa, and 
Andropogon gerardii (in respective order of decreasing 
importance) and various coarse herbs including Helianthus 
grossesseratus, Solidago canadensis, ~. gigantea, and S. 
graminifolia occur as codominants in one to a few stands but 
are totally absent in others. There is no apparent pattern 
of association or gradient of replacement among these 
species. This community type exhibits the strongest concen-
tration of dominance (c=0.370) and lowest species r~chness 
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of all the types identified (Table 7). 
This community type is similar to the sedge meadow 
community type described by Curtis (1959). 
Mesic Prairie Division 
The mesic division of the tallgrass prairie is 
represented by low slope stand sequences from those prairies 
with relatively great local topographic relief (more than 
10m or slopes of )10%), all upland stands from Iowa prairies 
with but slight relief or fine textured soils, and the 
highest positions in otherwise wet local landscapes. Six 
community types are identified in this division, but they 
are so compositionally diverse that no simple characteriza-
tion adequately distinguishes them at once. Nonetheless, 
several important species are widespread, reaching their 
maximum occurrence and cover in these types. Among the 
dominant grasses, Andropogon gerardii and Sporobolus 
heterolepis reach maxima in the mesic prairie, the former in 
both constancy and cover and the latter in cover alone. 
Iowan Erosion Surface Lowland ~ The stands of 
this type all lie on the Iowan erosion surface (IES) in low 
topographic positions of landscapes with gentle relief and 
moderate to poor internal drainage. Included are stands on 
alluvial soils of broad, shallow drainage ways, and lowslope 
positions and moist sandy rises adjacent to wet prairie 
communities. Though normally quite moist or even wet, these 
stands may occasionally become fairly dry. The stands share 
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some species with the wet prairie; notably common are Carex 
spp., Muhlenbergia racemosa, and Helianthus grossesseratus. 
Many typical mesic prairie species are common, and 
Andropogon scoparius, normally most abundant in the dry 
prairies, is important. Andropogon gerardii and Poa 
pratensis codominate most stands, with A. scoparius nearly 
of equal importance in many stands. Carex media, 
Muhlenbergia racemosa, Sporobolus heterolepis, Helianthus 
grossesseratus, and pycnanthemum virginianum are of 
intermediate importance in most stands. The rest of the 
species composition is quite stand specific, reflecting 
differences in location. 
Iowan Erosion Surface Upland ~ Stands from the 
most extensive landscape features of the Iowan erosion 
surface are found in 3 mesic prairie community types. The 
gently rolling landscapes of the prairies sampled on the 
erosion surface do not encompass enough topographic vegeta-
tion variation to differentiate any portion of the upland as 
dry prairie. Though topographic vegetation variation is 
evident in the landscape, it is not extensive. Less exten-
sive features characteristic of the erosion surface land-
scape, such as sand ridges, alluvial terraces, and lowlands 
are represented in other types. The low slopes of the 
uplands have already been described, and well-drained, low-
slope stands are found in the mesic alluvium type. Sites 
with soils most characteristic of upper slopes of the Iowan 
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erosion surface are represented by the stands of the IES 
upland type. 
Sporobolus heterolepis is the primary dominant species, 
though Andropogon gerardii is often codominant and A. 
scoparius is occasionally important. Amorpha canescens, 
Aster azureus, Carex media, Fragaria virginiana, Galium 
obtusum, Heliopsis helianthoides, Poa pratensis, Rosa 
suffolta, Sorghastrum nutans, and Zizia aurea are common 
species of intermediate importance. 
compositional similarity of this upper-slope vegetation 
in the IES to the Sporobolus heterolepis Consociation of 
Weaver and Fitzpatrick (1934) and similar xeric communities 
described by Curtis (1959) recognized from ~. heterolepis 
dominance, has led to the interpretation of these sites as 
characteristically dry (cf. Moyer 1953, Ehrenreich and 
Aikman 1963, Brotherson 1969). These interpretations have 
also, however, clearly suggested the more mesic character" of 
this vegetation relative to that described by Weaver and 
Fitzpatrick (1934) or later by Curtis (1959), based on 
compositional differences from the xeric community. 
Wet-Mesic ~ Low lying stands with poor but 
slightly better external drainage than the wet prairie type 
make up a transitional wet-mesic type. These stands occur 
near, but not in, drainageways and potholes on the Cary 
drift plain, and also include the best- drained positions on 
a wet alluvial terrace prairie above the Iowa River 
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(Williams Prairie). Upland drainages in other landscapes are 
too well defined to permit any significant expanse of this 
transitional community type. 
Lowland and moist prairie forbs are very important in 
this community type. On the average nongraminoid species 
combine for 53% of the relative cover, or 85% absolute 
cover, compared to 75% absolute cover by graminoids. 
Andropogon gerardii, Poa pratensis, and Sporobolus 
heterolepis are consistently the most important grasses. 
Commonly abundant forbs include Fragaria virginiana, Galium 
obtusum, Helianthus grossesseratus, Ratibida pinnata, 
Solidago canadensis, ~. gigantea, and Zizia aurea. 
Moist-Mesic Type A variety of sites on the Cary 
drift make up this type, including low, broad topographic 
highs of a gently rolling ground moraine system in the 
central portion of the drift plain, and middle-to-low slope 
positions in the complex junction .of rolling drift plain and 
the terminal moraine of the drift where relief is much 
greater. The ground moraine system, dominated by swell and 
swale topography and dotted by multitudes of potholes, is 
not a homogeneous landscape, and the vegetation varies 
accordingly. The upland prairie, in areas of high local 
density of potholes, within which there is limited con-
tinuous extent of topographic highs, contribute to the wet-
mesic type above and the mesic type below. The moist-mesic 
type is comprised of 2 other por~ions of the Cary drift 
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landscape. Broad topographic highs of the ground moraine, 
bordered by relatively well-defined swales, and away from 
the shallow water tables associated with proximity to pot-
hole drainage systems, are an important component of the 
moist-mesic community type. These sites have poor-to-moder-
ate external drainage. Near the terminal moraine, where 
local relief of the knob and kettle topography is much 
greater than in the ground moraine, and soils are frequently 
in or underlain by gravelly till, the moist mesic type is 
restricted to low slope positions which recieve runoff from 
above but are still high enough to drain into nearby wetland 
communities. 
Andropogon gerardii and Poa pratensis are strongly 
dominant throughout the type (50% and 41% average cover, 
respectively) with Sorghastrum nutans of occasional 
secondary importance. The most important forb is Solidago 
canadensis which averages nearly 20% cover in the type. 
Other important forbs are Aster ericoides, Ratibida pinnata, 
and Zizia aurea. 
Mesic Community Type High slope stands on gentle, 
moderately drained slopes from throughout the Cary drift 
plain form the mesic prairie community type. Upper slope 
stands (the crests of small undulations) from the pothole 
pocked portion of the Cary drift ground moraine landscapes, 
and all gentle, midd1e-to-upper slopes from end moraine 
systems are included in this type. 
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The type is variably dominated by 4 grass species. 
Andropogon gerardii and Poa pratensis are the dominant 
grasses in most stands. Stipa spartea is typically 
codominant with these or dominant alone on the crests of 
gently sloping hills and is subdominant in many other moder-
ately drained stands. Sporobolus heterolepis replaces S. 
spartea in some relatively low sites in the type. 
Andropogon scoparius and Sorghastrum nutans are of modest 
importance in stands nearest well-drained slopes, and 
Panicum scribnerianum is an important small grass. The most 
important nongrass species are Amorpha canescens in the 
slightly higher stands and Zizia aurea in the slightly lower 
stands. 
Moist-Mesic-Well-Drained Type Stands on well-
drained alluvium at the base of a steep well drained slope 
and two atypically well-drained stands from the ridge tops 
of the Iowan erosion surface make up this. small community 
type, which is distingui~hed from the mesic type chiefly in 
the greater importance of Andropogon gerardii and 
Sorghastrum nutans and decreased importance of several of 
the typical moist prairie forbs. This is a very artificial 
catch-all type, being made up of two groups of stands which 
are quite different in composition beyond the dominant 
species. 
The type is dominated by Andropogon gerardii with 
Sporobolus heterolepis of secondary importance. Sorghastrum 
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nutans, Andropogon scoparius, and Stipa spartea follow in 
decreasing abundance. Silphium integrifolium is the most 
important forb but it is restricted to just one study 
location. Other important species are Amorpha canescens, 
Aster azureus, and Helianthus laetiflorus. 
QEy Prairie Division 
The upper slopes of prairie landscapes with great topo-
graphic relief, all sites with rapidly permeable soils on 
deep, coarse substrates well-above the water table, and the 
westernmost tallgrass prairie stands sampled (Nebraska 
stands) all fall into the dry prairie division. This is a 
compositionally heterogeneous group, but is characterized by 
high importance values for Andropogon scoparius throughout, 
along with more frequent occurrence and greater abundance of 
several characteristic species of dry prairies. 
Interstitial grasses and forbs (species of low stature) 
are much more common in numbers of species and importance in 
the dry prairies, with their characteristically more open 
canopy and lower stature than the mesic prairies. 
Dry-Mesic: Nebraska ~ The sites sampled in 
Nebraska lie near the edge of the Kansan drift plain in an 
area of somewhat less topographic relief than western Iowa 
prairies on loess mantled Kansan drift. Vegetation is 
structurally different in the two sites, and they appear 
somewhat different in moisture regime, one being on an 
apparently xeric valley slope dominated by Andropogon 
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scoparius and the other appearing much more mesic and 
dominated by ~ gerardii and ~ scoparius together. The 
type is compositionally and structurally distinct from the 
Iowa prairies. Numerous species are unique to the two 
Nebraska sites, and several species which are best developed 
in the drier Iowan prairies are quite abundant here, even in 
the more mesic appearing site (Table 6). The dominance of 
grasses is much more pronounced than in Iowa. Forb cover is 
much less, although the number of species is not reduced 
much. 
Dry-Mesic: Iowa ~ The well-drained upper slope 
positions of Iowa prairie landscapes with significant local 
topographic relief (excluding sites with very coarse soils) 
support typical dry-mesic prairie vegetation. Portions of 
terminal moraines, upper slopes in end moraine systems, and 
slopes on the loess mantled Kansan drift landscape 
contribute to this type. 
Dominance is variably shared among Andropogon 
scoparius, A. gerardii, Stipa spartea, Sporobolus 
heterolepis, Poa pratensis, and Sorghastrum nutans. A. 
scoparius and ~. spar tea are the most common dominants 
throughout the type. Each is dominant alone in some sites, 
with A. scoparius dominating on steep slopes and ~. spartea 
on ridge crests and shoulder slopes, or they are codominant 
on sites intermediate between these. 
A. gerardii, S. heterolepis, S. nutans, and Poa 
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pratensis are each dominant in one or two stands, but are 
generally subdominant throughout the type. Table 6 would 
seem to indicate that several of these species are more 
important on the average than the dominants cited above, 
but this results from the high importance of these secondary 
species in a limited number of stands and further illus-
trates the compositional variability common among stands of 
similar flora and site condition. Bouteloua curtipendula 
and Panicum scribnerianum are common interstitial grasses. 
Nongrass species important in the group are the small shrub 
Amorpha canescens, Aster ericoides, Coreopsis palmata, 
Helianthus laetiflorus, Rosa suffolta, and Solidago 
missouriensis. 
Gravel Hill Prairie ~ The vegetation of xeric, 
gravelly, steep upper slopes associated with eskers and 
kettleholes common along terminal moraines of the Cary drift 
is spare and low in stature. Unlike any previously 
described vegetation types, there is much bare ground. 
Andropogon scoparius is dominant on most of the slopes, 
giving way to Muhlenbergia cuspidata, Bouteloua gracilis, 
and B. hirsuta on the steepest, driest sites and stipa 
spartea on the slightly more mesic hilltops. Distinctive 
forbs include Ambrosia psilostachya, Aster oblongifolius, 
and Liatris punctata, but the more important species are 
Amorpha canescens, Solidago missouriensis, ~ rigida, ~. 
nemoralis, and Erigeron canadensis. 
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Sand Prairie ~ A xeric aeolian sand ridge on an 
alluvial terrace supports the most distinctive upland vege-
tation sampled. The deep, rapidly permeable, sterile sand 
tapers off into surrounding wetlands, so that while the 
surface is very dry, there is ample moisture available 2-3m 
deep. The vegetation is very spare, probably a response 
both to the xeric surface and to past grazing. Poa 
pratensis and ~ compressa alternate as dominant grasses 
reflecting past disturbance, but the true sand prairie flora 
is represented by Andropogon scoparius, Paspalum 
ciliatifolium, Sporobolus cryptandrus, and several other 
grasses abundant on dry prairies. Conspicuous forbs include 
Liatris aspera, Ambrosia psilostachya, and Oenothera 
biennis. A number of weedy species common in sand barrens 
are restricted to this type of prairie (Curtis 1959). 
Species richness is lower than other prairie types 
(Tables 7 and 8). Like the gravel hill prairies, there are 
relatively more intermediate species species in the 
importance value distributions reflecting the low 
productivity of the dominant species (Figure 6). 
Ordination 
First ordination 
Ordination of all 138 tallgrass prairie stands on the 
first 3 axes obtained from DCA is illustrated in Figures 7 
and 8 (axes 1 and 2, and 1 and 3, respectively). Individual 
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stands are represented by the positions of symbols differen-
tiating community types as determined from TWINSPAN. Descrip-
tive labels aid in defining environmental trends suggested 
by the distribution of communities. As in the initial 
differentiation of classes by TWINSPAN,· DCA ordination 
illustrates the primary influence of gross soil moisture on 
overall community patterns in the tallgrass prairie. The 
first DCA axis identifies the difference between the wettest 
(right) and driest communities (left) as the greatest com-
positional extremes, the characteristic graminoids being 
Andropogon scoparius, Bouteloua spp., and Muhlenbergia 
cuspidata in the left portion of the figure, A. gerardii, 
Sporobolus heterolepis, and Poa pratensis in the centrally 
distributed stands, and Carex spp. toward the wetter 
extreme. Table 6 and the discussion below provide more 
extensive compositional characterizations. The 
compositional differences between sand prairie stands (upper , 
left of Figure 7), characterized by a flora somewhat 
different from other prairies and dominated by Poa pratensis 
and ~. compressa (Table 6), and most other prairie vegeta-
tion, accounts for the second greatest pattern of overall 
variation. The Nebraska stands are compositionally 
distinguished (Table 6) from the Iowa stands by the third 
axis (Figure 8). Two aspects of soil drainage are the most 
conspicuous variables influencing soil moisture; topographic 
position influences external drainage and soil texture 
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influences internal drainage through its effects on 
permeability. 
A topographic-drainage scale employed by Dix and Smeins 
(1967) was used to characterize position on a topographic 
profile for all stands. Ordination of stands differentiated 
by this scale along the first two DCA axes (Figure 9) illus-
trates the strong correlation between topographic position 
and the pattern of compositional variation defined by the 
first DCA axis. The interpretive power of topographic 
effects for much of tallgrass prairie community organization 
is emphasized by how few stands (primarily sand prairie 
stands) contribute to dispersion along the second axis. 
Variation in the topographic-drainage scale is mono-
tonic and continuous along the first axis. Isopleths help 
illustrate the evenness and direction of variation in scale 
value. Distortion of the topographic isopleths, relative to 
axis 1, in the upper left and central portion of Figure 9, 
reveals an interaction of the first 2 compositional axes in 
the definition of the relationship between topography and 
vegetation. Environmental variables underlying the second 
axis vegetation pattern evoke, in part, a vegetation 
response similar to that associated with topographic posi-
tion but unaccompanied by the same variation in slope posi-
tion. This results in some loss of clarity in the relation-
ship between topographic scale and the first axis. Notably, 
some intermediate slope stands (i.e. sand prairie stands in 
72 
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the upper left of Figure 9) lie toward the end of axis 1 
(generally characterized by steep upper slope positions) , 
while other intermediate slope stands in the central portion 
of the figure overlap along axis 1 with more poorly drained 
sites of lower topographic position. The second axis 
clarifies the topographic-drainage relation by extracting a 
pattern of vegetation variation among stands which are out 
of topographic sequence relative to the first axis. With 
the complications of response to the second axis removed, a 
simplified topographic response is apparent along the first 
axis. The topographic pattern is best characterized along 
the belt outlined in Figure 9. 
The pattern of variation among stands which are out-
liers from the topographic belt (the second axis pattern) is 
characterized by differences in internal drainage. A sub-
soil permeability scale (Tables 3 and 4) is used to label 
stands in Figure 10. This variable reflects soil texture in 
the lower portions of the soil profile, where texture has a 
major influence on internal drainage. 
Comparison of Figures 9 and 10 reveals that the com-
positionally extreme sites of axis 1 (gravel hill prairie 
and wet prairie) establish a strong ordinal correlation 
between the external and internal aspects of soil drainage. 
Those stands most excessively drained by topographic posi-
tion (gravel slope stands) also have very coarse, rapidly 
permeable soils, while the wet prairie stands have slowly 
77 
permeable soils. Thus, the extremes of the primary pattern 
of vegetation are doubly enforced by internal and external 
aspects of soil moisture. 
However, the environmental pattern identified in the 
second axis, as it relates outliers to the primary topo-
graphic pattern, is characterized by conspicuous 
inconsistencies in the topography-permeability correlation. 
The compositional extremes of the second axis are between 
steeply sloping gravel hill prairie stands (lower left) and 
gently sloping sand prairie stands (upper left). Another 
component of variation, among stands in intermedi~te topo-
graphic positions of several landscapes, (central portion of 
Figure 9) reveals a compositional gradient from sites with 
very poor subsoil permeability and moderate external 
drainage on topographic highs (lower center, Sporobolus 
heterolepis and Andropogon gerardii dominant), to topo-
graphically lower sites with moderately poor internal drain-
age (center, along the topographic belt, A. gerardii 
increasing and ~. heterolepis decreasing), to 
topographically higher sites with moderate to moderately 
fast internal drainage (upper center, A. gerardii and Poa 
pratensis dominant) • 
In Figure 8, the compositionally distinct Nebraska 
stands are distinguished from the Iowa stands along the 
third DCA axis. This segregation reflects simple biogeo-
graphic effects arising from the distance between the 
78 
Nebraska and the westernmost Iowa sites, as well as the 
corresponding climatic differences. Two other features 
serve to distinguish this group of stands; the dominance of 
grasses is greater in the Nebraska stands than is generally 
the case for Iowa stands (see Table 6), and the principal 
sampling site exhibits a unique reversal in slope position 
for the local distribution of Andropogon gerardii and A. 
scoparius. This location served as the study site for 
Steiger's (1930) monograph and the present sampling transect 
was placed on the same hillslope to replicate Steiger's 
transect (A. T. Harrison, personal communication). Steiger 
(1930) reported a community dominated on upper slopes by 
Andropogon scoparius with abundant shortgrass elements, 
while A. gerardii was dominant in lower slope positions with 
A. scoparius of secondary importance. At present, A. 
gerardii is dominant in high slope positions and codominant 
with A. scoparius lower on the slope, while both A. 
scoparius and most of the shortgrass prairie elements have 
been greatly reduced on high slopes. These changes suggest 
a change in the local community dynamics since Steiger's 
study, reflecting, perhaps, climatic fluctuations, management 
practices, or both. 
The fourth and higher axes of DCA provide no 
interpretable patterns. 
Each group of stands identified as outliers from the 
robust topographic pattern corresponds very closely to one 
79 
of the community types identified in TWINSPAN. Indeed, most 
of the community types are distributed in DCA space as 
groups of stands much as distinguished by TWINSPAN. Within 
the community type~no consistent compositional trends are 
apparent. The types are largely distributed as whole groups 
with respect to general features of topographic position and 
subsoil permeability common to the members. Regional pat-
terns of vegetation response to topographic and permeability 
variation are revealed by overall stand distribution in DCA 
space, but only gross extremes are identified locally. 
Second Ordination 
Ordination of vegetation data with significant diver-
sity or multiple dimensions of variation may, as here, 
identify large-scale patterns of compositional and environ-
mental variation, but is often unreliable in clearly 
characterizing pattern among proximate stands in ordination 
space (cf. Gauch and Whittaker 1981). Deletion of stands 
forming compositional extremes, even in continuous data, 
followed by reordination of the reduced data set, is a 
useful technique for examining fine-scale patterns not 
otherwise apparent among samples within large, multidimen-
sional data sets (Peet 1980). Thus, wet prairie, gravel 
hill prairie, and sand prairie stands were deleted as com-
positionally distinct groups forming the extremes of the 
first 2 DCA axes. In addition, Nebraska stands were deleted 
both because they form the compositional extreme of the 
80 
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82 
third DCA axis, and because of the reversal in the local 
distribution pattern of Andropogon gerardii and A. scoparius 
from that found in other prairies, generating confusion in 
the differentiation of other local patterns. 
The first and second axes of the second DCA ordination 
of stands are illustrated in Figures lla-d, with stands 
labelled by the topographic drainage scale, subsoil 
permeability scale, community type, and site, respectively. 
Community types (Figure lla) and sites (Figure llb) are 
generally segregated as in TWINSPAN, but relationships 
within and between sites are more apparent than up to this 
point. In Figure 12, specific transects within individual 
prairies are traced, the relative topographic position of 
each point being indicated by its numerical designation. 
The overall pattern suggests a vegetation response to the 
interaction between topographic position and subsoil 
permeability. A topographic gradient (Figures 11c and 12) 
runs from the upper left (high slopes) to the lower right 
(low slopes) and a permeability gradient (Figure lld) from 
the lower left (very poor) to the upper right (moderately fast) • 
Two aspects of the ordination pattern are apparent from 
Figures 11 and 12: first, the several transects generally 
run parallel to one another in topographic order along the 
topographic axis; second, exceptions to this pattern are 
illustrated by transects at Sheeder and Stinson prairi~s 
which run parallel to one another along the permeability 
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axis for part, of their length, but follow the topographic 
pattern when their topographic extremes are considered, and 
isolated stands at Kalsow and Hayden Prairies which deviate 
from the geometric distribution exhibited by the rest of 
their respective transects. These exceptions suggest tran-
sects in which the relationship between internal and 
external drainage qualities shift with respect to the pat-
tern found elsewhere. 
The ordination patterns further suggest 1) an overall 
topographic response of vegetation evident even at small 
scales, 2) differences in patterns of topographic composi-
tional variation between locations, illustrating species 
responses to site or landscape differences in the interac-
tions of topographic position and subsoil permeability, 3) a 
pattern of compositional variation between the topographic 
gradients of different locations along a permeability gra-
dient, 4) convergence of topographic patterns where these 
drainage variables are similar between sites, and 5) conver-
gence due to bimodal species distributions or complex 
species-landscape responses not yet described. The varia-
tions between locations are clearly related to differences 
in the topo-edaphic characteristics of the regional land-
scapes they represent. 
86 
DISCUSSION 
vegetation Patterns 
The tallgrass prairie vegetation of Iowa and eastern 
Nebraska varies in a complex, multidimensional pattern, 
reflecting response at various scales to gross topographic 
position, regional and local edaphic characteristics, bio-
geographic and climatic variation, local/microtopographic 
variation, and peculiaxities of local stand dynamics. Each 
regional landscape (and to some degxee each location) is 
characterized by a diffexent local pattern of vegetation 
variation in response to a diffexent topographic-environ-
mental complex. Herein lies much of the multidimension-
ality of prairie vegetation. The one-dimensional continuum 
approach of previous regional praixie studies fails to 
account for differences among xegional landscapes. 
The vegetational diffexences between the gxoups of 
stands recognized as either community types, or study sites 
(praixies), ox landscapes, are floxistic (Table 6), composi-
tional (within a common floxai Table 6), and structuxal (in 
texms of species diversity; Tables 7 and 8). Despite the 
distinctiveness of each, the sevexal landscape vegetation 
pattexns shaxe common features by which they may be compaxed 
and organized. Analysis of these patterns leads to interpxe-
tive hypotheses regarding the distributions of important 
87 
species, all prairie species in general, overall community 
composition, and the environmental variables or processes 
controlling distribution. 
The primary pattern of tallgrass prairie vegetation 
variation expresses a ubiquitous vegetation response to a 
fundamental soil moisture gradient which is represented most 
simply by vegetation response to overall topographic posi-
tion. While this overall pattern is reflected in the 
general relations of species distributions along topographic 
gradients in most locations, local vegetation patterns, 
reflecting variable site characteristics, are not readily 
resolved by the large-scale pattern. Differences between 
local patterns are often confounding to one another. 
A second pattern relates vegetation variation to 
internal soil drainage (i.e., subsoil permeability). In many 
cases, internal drainage varies in parallel with topographic 
position, with coarse, internally drained soils on topo-
graphic highs and heavy soils with poor internal drainage in 
low topographic positions, thereby reinforcing the extremes 
of soil moisture conditions. This combination leads to the 
complex soil moisture gradient which provided the basis for 
the continuum employed in previous regional prairie vegeta-
tion analyses (e.g., Curtis 1955, 1959, Dix and Smeins 
1967) • 
However, the internal drainage variable is differen-
tiated as a distinct aspect of the moisture regime by situa-
88 
tions in which the two aspects of soil drainage vary at odds 
with one another. Distinctive geomorphological and soil 
morphological differences between landscapes contribute to 
vegetation differences which result in a segregation of 
community types in DCA ordination space by landscape seg-
ments. 
Simple geographic separation is another factor which 
contributes to the differentiation of community types. The 
Nebraska stands are distinguished by floristic differences 
from the Iowa prairies. These differences may represent a 
climatic response, or perhaps biogeographic effects 
resulting from variable rates of migration among species in 
Quaternary times, particularly as species' ranges reexpanded 
after glaciation (cf. Benninghof 1968). 
Size and history of the prairie relicts may be 
important; populations of all species have been reduced 
severely by general destruction of the prairie and its 
confinement to tiny, widely separated relicts.- Local popula-
tion dynamics since isolation of the remnants, exacerbated 
by small population sizes and limited migration, may have 
contributed to extinction or expansion of certain 
populations. 
With these considerations in mind, individual species 
distributions were analyzed separately, first by response to 
the gross topographic gradient extracted by axis 1 of the 
first DCA ordination, omitting stands reflecting significant 
89 
response to confounding variables represented by axes 2 and 
3 (i.e. sand prairie, Iowan Erosion Surface, and Nebraska 
stands), and second, by the more local-scale responses to 
the interaction of topography and permeability reflected in 
the first two axes of the second DCA ordination. 
The distribution of several important species along the 
topographic gradient are illustrated in Figures 13-19. 
Species importance values are aerial cover averages for 10 
equal segments along the first DCA axis. The ordinate 
follows a log scale. The distributional patterns follow the 
familiar form identified in continuum studies of the 
tallgrass prairie (Curtis 1955, 1959, Dix and Smeins 1967, 
Ralston 1968). Broadly overlapping species distributions 
and continuous species turnover characterize a continuously 
varying overall community pattern (Whittaker 1956, 1978, 
Gauch 1982). 
Reconstruction of the full coenocline requires contri-
butions from various locations and landscapes with different 
topographic characteristics, that is, no one site or 
landscape encompasses the full range of topographic 
environments. The most xeric sites are the upper slopes of 
terminal moraines of the Cary drift, both internally and 
externally well-drained. These grade into the moderately 
steep slopes of Cary Drift end moraines and the dissected 
Kansan drift landscape. Moderate slopes of the end 
moraines, moderate slopes of the Kansan Drift Plain in 
90 
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Nebraska, and slope bases of the more dissected Kansan Drift 
Plain in Iowa form the next more mesic segment along the 
gradient. The gentlest slopes of upland prairie come from 
the ground moraine regions of the Cary drift or high points 
of alluvial terraces. The wettest sites may come from the 
lowest points in any landscape. 
Considerable compositional change is suggested around 
the 50 unit mark of the gross topographic response axis of 
Figures 13-19, as species charactersitic of the drier and 
higher topo-edaphic extremes (from 0-50) decline markedly, 
while species characteristic of mesic prairies increase in 
abundance. This represents no community discontinuity as 
can be illustrated by distributional overlap of characteris-
tic dry and mesic prairie species (graminoids, Figure 13; 
composites, Figures 14-16, or any other species, Figures 
18,19) and the lack of any congruence in ascendence or 
descendence of importance distributions among species. For 
example, the grasses Bouteloua hirsuta, Muhlenbergia 
cuspidata, B. curtipendula, Andropogon scoparius, and Stipa 
spar tea (Figure 13) are characteristic of dry prairies and 
begin to decline markedly between 50 and 100 along the 
topographic axis, but these species decline at different 
rates along the gradient, extending to differing degrees 
into the mesic communities of the central portion of the 
axis. The grasses peaking in the mesic prairies rise 
quickly in importance between 50 and 100, but neither their 
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distributional peaks nor their dry-end limits suggest any 
strict association or mutual dependence. Instead, the 
grasses exhibit broadly overlapping and independent distri-
butions along the topographic gradient and the change 
apparent at the 50 mark represents a gradual shift of com-
position. This pattern of compositional continuity is 
similarly illustrated by species in Figures 14-19. Indeed, 
some groups of species do not show any sign of accelerated 
compositional turnover at the dry end of topographic gra-
dient (Aster spp., Figure 14, and Solidago spp. Figure 15), 
reinforcing an interpretation of community continuity. 
A second apparently sharp compositional change occurs 
near the wet end of the topographic-moisture gradient. 
"Again, comparison of distributions in Figures 13-19 reveals 
this to be a gradual compositional change with many species 
overlapping across a portion of the gradient in which 
dominance shifts from Andropogon gerardii and Poa pratensis 
to Carex spp. Much of the compositional change in this 
range is characterized by the loss of many mesic prairie 
species in the wettest sites accompanying the shift of 
dominance, but most of the important wet prairie forbs 
extend well into the wet-mesic communities, providing 
compositional continuity. 
The species distributions lying toward the dry 
topographic-moisture extreme may be viewed, for the most 
part, as the mesic tails of Gaussian distributions extending 
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into and/or peaking in drier habitats than recorded here, 
while the converse is apparent for species lying toward the 
wet extreme. Most mesic prairie species in Figures 15-20 
exhibit distributions of Gaussian-form with peaks scat-
tered across the central portions of the figures. 
Comparison of the species' distributions in Figures 13-
19 with similar representations by Curtis (1955) and Dix and 
Smeins (1967) for prairie vegetation in Wisconsin and North 
Dakota, respectively, reveals similarity of particular 
species responses, especially relative positions among 
graminoid species along the primary gradient, as well as the 
overall similarity in distribution form. This similarity of 
response emphasizes the basic identity between the 
topographic-drainage gradient subjectively identified in the 
previous studies and the environmental variables underlying 
the vegetation variation objectively identified with DCA. 
Important differences are also evident. 1) Figures 
13-19 are much more detailed than the graphical representa-
tions in the earlier studies. 2) The dry extreme of vege-
tation is represented more completely here than in Curtis 
(1955) or Dix and Smeins (1967), both in absolute range of 
variation expressed and in compositional transition from 
mesic to dry communities. 3) Biogeographic and climatic 
differences result in some compositional differences, 
especially compared with North Dakota, where the grasslands 
are transitional to northern mixed-grass prairie with more 
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C3 grass dominants (Ehleringer 1978). 4) Because emphasis 
was placed on upland sampling in this study, wet-extreme 
samples were restricted to a few sedge meadow and pothole 
edge plots in upland landscapes. As a result swales dom-
inated by Spartina pectinata, an important component in the 
transition from upland to wetland in the prairie landscape, 
are not represented here, as it is in Curtis (1955, 1959) or 
Dix and Smeins (1967). Wetlands were an important component 
of both of these previous studies. Spartina swales were 
avoided here because they appeared to make a sharp transi-
tion to wetland while the sedge meadow appeared gradually 
transitional. In retrospect, Spartina pectinata appears to 
be dominant in upland drainage-ways, thereby forming an 
intermediate community between upland and lowland in areas 
of greatly fluctuating moisture, rather than in areas of 
gradually and consistently increasing moisture such as sedge 
meadows. 
While the patterns above are adequate for describing 
community variation at a regional scale, they do not resolve 
clearly patterns of site-to-site or within-site variation. 
Fine-scale and local patterns are best illustrated by 
the second ordination. The pattern of stand distribution 
has been related above to an interaction of topography and 
subsoil drainage. Species' responses along the first and 
second DCA axes are plotted simultaneously for several 
species in Figures 20-23. 
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Figure 213. Importance distributions of some commonly 
encountered prairie graminoids in an ordination 
of vegetation samples by the first two axes of 
the second DCA 
Samples are labelled by percent cover as 
follows: 
13 - absent 
13< • < 113% 5 - 513-59% 
1 
-
113-19% 6 
-
613-69% 
2 
-
213-29% 7 - 713-79% 
3 
- 313-39% 8 - 813-89% 
4 
-
413-49% 9 - 913-11313% 
( a) Ag, AndroEo9on gerardii; ( b) As, A. 
scoEarius; (c) Sh, SEorobolus heteroleEis; 
(d) Ss, StiEa sEartea; (e) Pp, Poa Eratensis; 
(f) Csp, Carex spp. 
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Figure 21. Importance distributions for members of the 
genus Aster in an ordination of vegetation 
samples by the first two axes of the second DCA 
Samples are labelled by percent cover as 
follows: 
~ < • < 2 5 - 11.3-11% 
1 - 2-3% 6 - 12-13% 
2 
-
4-5% 7 
-
14-15% 
3 
- 6-7% 8 - 16-17% 
4 
-
8-9% 9 > 18% 
Samples in which the species is absent are 
unlabelled. 
(a) Aa, Aster azureus; (b) Ae, Aster er icoides; 
(c) Al, Aster laevis; (d) As, Aster simplex. 
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Figure 22. Importance distributions for members of the 
genus Solidago in an ordination of vegetation 
samples by the first two axes of the second DCA 
Samples are labelled by percent cover as 
follows: 
13 < • < 5 5 - 25-29% 
1 - 5-9% 6 - 313-34% 
2 
-
113-14% 7 
-
35-39% 
3 
-
15-19% 8 - 413-44% 
4 
-
213-24% 9 > 45% 
Samples in which the species is absent are 
unlabelled. 
(a) Sc, Solidago canadensis; (b) Sm, Solidago 
missouriensis; (c) Sr, Solidago rigida; 
(d) Sn, Solidago nemoralis. 
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Figure 23. Importance distributions of some commonly 
encountered prairie forbs in an ordination of 
vegetation samples by the first two axes of the 
second DCA 
Samples are labelled by percent cover as in 
Figure 22. 
(a) Hg, Helianthus grossesseratus; 
(b) Hi, Helianthus laetiflorusi (c) Ac, Amorpha 
canescens; (d) Za, Zizia aurea. 
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Species are differentially distributed with respect to 
both topographic position and subsoil permeability at once 
in an individualistic manner, with no apparent groups of 
similarly distributed species and no pattern of consistent 
sequential arrangement among species in their two-
dimensional distributions. Continuous, individualistic, 
differential species responses to the environmental gra-
dients characterizing the differences between landscapes are 
the basis for a compositional pattern among the local vege-
tation patterns. Some possible reasons for the different 
responses may be examined by comparison of species distribu-
tions in the different landscapes as these relate to land-
scape characteristics. 
Cary Drift Plain 
Community variation on the Cary drift (Figu~es 2,11,12) 
follows the primary topographic pattern (Figures 13-19) 
where local relief permits adequate drainage, such as on end 
moraines and terminal moraines. The steep slopes of the 
terminal moraines are occupied by some of the most xeric 
communities sampled (e.g. gravel hill prairie and Iowa dry-
mesic community types). These are dominated by Andropogon 
scoparius. The dry communities are less widespread on end 
moraines where less steep, rolling topography results in a 
generally more mesic landscape. The end moraines (mesic 
community type) are characterized by low, gently sloping, 
roughly parallel ridges with swales between. Andropogon 
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gerardii is dominant throughout most of the moderate slopes, 
being gradually replaced toward the ridgetops by Stipa 
spartea and by Spartina pectinata and Carex spp. in the 
swales. Though characteristic of topographic highs, ~ 
spartea is restricted to sites without excessive external 
. drainage where it is replaced by ~ scoparius. 
In ground moraine areas, low relief and poorly 
developed drainage nets restrict runoff. These areas with 
shallow, unaligned, swell and swale topography, are dotted 
by numerous potholes arranged in poorly defined drainage 
systems. The landscape is a mosaic of poorly drained pot-
hole systems and scattered topographic highs with better 
defined external drainage patterns. 
Water surfaces of the potholes represent a phreatic 
surface (essentially a water table) following the rise and 
fall of local topography, though with reduced amplitude 
(Eisenlohr and Sloan 1968). The phreatic surface rises and 
falls with precipitation and evaporation (drainage is incon-
sequential) so that potholes are seasonally dry or flooded. 
Both potholes and the immediately surrounding landscape are 
affected by the fluctuating water table. In extensive areas 
of numerous potholes and low relief, the water table is 
shallow, often as shallow as 1m, with saturated subsoil an 
important factor for extended periods. 
The ground moraine vegetation pattern around potholes 
is somewhat different from the general topographic pattern 
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(Figure 12). While on the broadest gentle slopes and topo-
graphic highs the vegetation is similar to that of the end 
moraines, with Andropogon gerardii strongly dominant (moist-
mesic community type), in the flat to gently undulating 
landscapes of extensive pothole systems, ~ gerardii is 
sharply reduced and replaced by Sporobolus heterolepis 
(Figure 20). Elsewhere, ~ heterolepis is most abundant on 
steep, dry slopes (Iowa dry-mesic community type). However, 
the rest of this community is much like other moist to mesic 
prairies. In these areas ~ gerardii is best developed on 
restricted rises, but is replaced on the crests by Stipa 
spartea. These rises may be but a few meters across and the 
crests but a meter above the surrounding landscape, yet they 
may be the only sites where ~. gerardii is free of the 
influence of shallow tables. 
Andropogon gerardii is intolerant of saturated soils 
(cf. Weaver and Fitzpatrick 1934) presumably because of 
inadequate aeration. Weaver and Fitzpatrick reported that 
~ gerardii is replaced by dense swards of Spartina 
pectinata in saturated soils, but these were consistently 
wet sites in drainageways which are wetted to the surface by 
runoff following every significant rain. Indeed, this pat-
tern is observed on the Cary drift wherever swales are well-
defined. However, in the pothole-dominated ground moraine 
landscape, saturation of the upper soil horizons is not so 
consistent; these areas are occupied by mesic prairie. The 
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upper soil horizons are quite mesic or dry during most of 
the season despite the seasonally shallow water table, and 
when the water table descends with drier weather later in 
the season, the soil profile is mesic throughout. 
Andropogon gerardii is a late season, C4, deep rooted 
grass (Barnes and Harrison 1982, Ehleringer 1978) which 
would seem to avoid the period of excess water by its 
phenology, but the repressing effect of shallow water in the 
spring (or after occasional periods of heavy late summer 
rains) appears to be enough to prevent it from dominating, 
either by root death or damage to perennating tissues. 
The replacement of Andropogon gerardii by Sporobolus 
heterolepis may reflect the latter's insensitivity to 
shallow water tables due to its shallower root system along 
with an ability to exploit space left open by A. gerardii. 
~. heterolepis is a late season bunch grass typically 
identified with excessively dry sites in the tall grass 
prairie. Weaver and Fitzpatrick (1934) found it dominating 
only in very limited areas on xeric hilltops and reported it 
virtually absent in low slope communities. Following the 
drought of the 1930s, this ~pecies was one of the grasses to 
vigorously reexpand (Weaver 1943, 1961), presumably from 
seed establishment and due to a capacity to exploit small 
amounts of moisture available in the upper horizons after 
brief rains. Its shallow roots, combined with an ability to 
exploit late season moisture in shallow horizons, may make 
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~. heterolepis a vigorous competitor where the taller mesic 
prairie grasses are excluded by shallow water tables. 
Even ~. heterolepis is subject to damage from 
excessively wet conditions. Following heavy rains which 
caused protracted flooding of the pothole system at Kalsow 
Prairie (August-September 1977), widespread mortality of S. 
heterolepis clumps was observed (June 1978) where the 
species had previously been dominant. 
Iowan Erosion Surface 
On the gently rolling Iowan erosion surface, the upper 
slopes (IES uplands community type) have two-storied soils 
with a loamy overburden (30-50cm deep) underlain by a stone 
line and heavy clay, slowly permeable, Kansan glacial till 
(gurnbotil; Ruhe 1969, Oschwald et al. 1965). Impeded per-
colation of water results in seasonal wetness of these soils 
and frequently in perched water tables. Forced to move 
laterally, water often seeps to the surface on the side-
slopes (Oschwald et al.1965). 
Despite such frequently wet conditions, these same 
soils are likely to become very dry during any prolonged dry 
period, either within a single season or over a period of 
several dry years. Once water is depleted in the loamy 
overburden, it is available only from the clayey subsoil 
where it may be quite tightly held. Only those plants 
capable of exerting strongly negative water potentials will 
be able to obtain water from the drying clay. Deeper root 
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penetration into the underlying gumbotil may help, but pene-
tration may be restricted both by impedance of the heavy 
subsoil and by the typically moist condition of the soil 
just above the heavy clay, which would tend to concentrate 
root development there during moist years. At present, the 
effect of textural discontinuity on root distribution or 
physiological status of the plants in the erosion surface 
uplands is unknown. 
The effect of soil morphology in the IES uplands 
appears to be imposition of an alternating regime of exces-
sive wetness followed by occasional severe dryness. Certain 
compositional features of the vegetation appear to suport 
this interpretation. Sporobolus heterolepis is the dominant 
grass, with Andropogon gerardii of somewhat less importance. 
Perched water tables in the upper slopes may have much the 
same effect on A. gerardii as shallow water tables around 
pothole systems. In addition, dryness later in the season, 
and increased soil impedance, may also limit dominance by A. 
gerardii. S. heterolepis is well-adapted to exploit open 
spaces under dry conditions by its shallow roots and pre-
sumed capacity to exploit briefly available moisture. 
Distributional peculiarities are apparent among other 
species as well. A number of species commonly associated 
with moist or even wet prairies (cf. Curtis 1959) are common 
on the ridgetops. Among these are Calamogrostis canadensis 
and Muhlenbergia racemosa, wet site grasses which attain 
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dominance in some ridgetop stands, contributing to the 
deflection of ridge top stands toward the wetter portions of 
the ordination in Figures 11 and 12c. In addition, Cicuta 
maculata, Dodecatheon meadia, Fragaria virginiana, Galium 
obtusum, Phlox pilosa, Salix humilis, and Spirea alba, all 
identified as wet or wet-mesic prairie prevalent species by 
Curtis (1959), occur commonly in the high slope stands. 
Also, commonly found in these stands are Andropogon 
scoparius, Agropyron trachycaulum, Aster azureus, Coreopsis 
palmata, Geum triflorum, Solidago missouriensis, and of 
course, Sporobolus heterolepis, which are all identified as 
prevalent species of drier communities than the species 
above (Curtis 1959). This combination of species in the 
same community represents a degree of overlap not typical of 
other sites. 
In drainageways and broad low flats between the ridges, 
soils are formed in alluvium deposited over the heavy 
gumbotil. These soils generally have better internal 
drainage than the soils of the upper slopes and are 
dominated by Andropogon gerardii. In the lowest stands of 
these broad flats where water is frequently near the sur-
face, ~ heterolepis again replaces A. gerardii but the rest 
of the community is made up of moist prairie species. 
It is noteworthy that prairies on Kansan glacial drift 
landscapes in nor~hern Missouri, similar to the Iowan 
Er6sion surface in poor internal drainage of soils on broad 
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interfluves, do not exhibit a similarly high importance of 
~. heterolepis (Koelling and Kucera 1965), and many of the 
drier prairie species found on the IES are not as abundant 
(Drew 1947). Not enough information is presented in 
published accounts to determine whether differences in soil 
characteristics may account for this discrepancy or whether 
another explanation must be found. 
Kansan Drift 
Topographic vegetation variation in the loess mantled 
Kansan drift of western Iowa is similar to the general 
topographic pattern with one notable exception. Long, mod-
erately steep hillslopes are more common in this landscape 
than in others, so that dry-mesic vegetation is widespread. 
Andropogon scoparius is dominant on the steeper slopes, 
giving way to Stipa spartea on the crests, and Sorghastrum 
nutans and A. gerardii on the lower slopes and alluvial 
flats. On gentler slopes, Sporobolus heterolepis is impor-
tant in middle slope positions, a pattern unlike any other 
encountered. 
The landscape of this region is dissected, with the 
ridgetops mantled by loess (Ruhe 1969). Beneath Wisconsin 
age loess on the ridges, is a Yarmouth-Sangamon or late 
Sangamon paleosol formed in Kansan till. These paleosols are 
exposed on the sideslopes, and because of a high clay 
content, are very slowly permeable, which means that water 
tables may perch where the slope is very gentle and the 
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loess thin. Gentle slopes are, however, usually covered by 
thicker loess in the western part of Iowa, so that shallow 
perching is not a widespread phenomenon. On the sideslopes 
where this paleosol is exhumed or very near the surface, 
Sporobolus heterolepis is dominant. Late season dryness of 
these soils may be important in this pattern. 
On steeper slopes, the zone of paleosol exposure is 
much narrower, and ~ scoparius is dominant throughout. 
These soils are externally too well-drained for a moisture 
regime such as is present in the Iowan erosion surface 
prairies to exist. with respect to other species, the vege-
tation pattern along the slopes is similar to the gentler 
slopes. 
The striking reversal of local relative slope positions 
between ~ gerardii and ~ scoparius noted above in the 
description of the first DCA ordination axis extremes 
(stands not included in the second DCA ordination), occurs 
in a prairie on the Kansan Drift landscape of eastern 
Nebraska. This pattern has developed since analysis of that 
site by Steiger (1930). Careful scrutiny of Steiger's 
published data suggests that the change in relative position 
of ~ scoparius and ~ gerardii reflects a decrease in 
abundance of the former on the upper slopes, while it has 
maintained a more constant importance on the lower slopes. 
Albertson and Tomanek (1965), in examining vegetation 
changes in Kansas mixed grass prairie since the drought of 
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the 1930s, found that ~ scoparius was severely reduced by 
drought, but ~ gerardii was often able to survive due to 
its deeper root systems. Following release from drought, 
the surviving patches of A. gerardii quickly· expanded to 
dominate areas formerly dominated by ~ scoparius. A 
similar response may account for the present pattern along 
Steiger's transect. 
The Nature of possible Mechanisms 
Underlying Vegetation Patterns 
The mechanisms by which soil moisture relations are 
important in determining most species distributions in the 
tallgrass prairie, or indeed whether topographic-moisture is 
merely correlated with some other controlling factors, 
remains to be shown. Though a number of hypotheses have 
been presented here relating species distributions to soil 
moisture characters determined by landscape features, none 
have been supported experimentally. Nonetheless, these 
hypotheses suggest directions for continued analysis and 
experimentation. Three general kinds of mechanisms appear 
as possible sources for alternative explanations of species 
distributions along local topographic gradients and along 
gradients among landscapes: mechanisms involving adaptive 
morphology and physiology of established plants, life 
history variation, and ecotypic variation. 
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A variety of physiological and morphological characters 
are important in the maintenance and growth of prairie 
plants, factors which may have especial importance in 
structuring a community of long-lived, often clonal 
perennials (Chapin 1980). A simple list might include; 
1) root absorptive capacities, 
2} regulation of leaf water potential, 
3} rate of photosynthesis, 
4} growth rates of roots, shoots, and 
rhizomes, 
5} water and nutrient efficiency 
and allocation, 
6} temporal patterns of root growth and 
turnover and of shoot growth, 
7) geometry of root and shoot distribution. 
All of these characteristics might be brought under the 
general umbrella of growth "strategies" (adaptations). Com-
plex variation among species in multiple characters con-
tributing to growth strategies may determine community pat-
terns, but these have yet to be demonstrated. 
Patterns of root distribution in the solum and shoot 
phenology were employed in early studies to interpret 
spatial distribution ( Weaver 1919, 1920), but rigorous 
examination of actual physiological consequences were 
generally not possible. Recent analyses of root distribu-
tion patterns (Parrish and Bazzaz 1976) have improved the 
understanding of spatial partitioning in prairie soils, 
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while work in the Sand Hills of Nebraska has confirmed the 
sort of relationship between rooting depth and shoot 
phenology proposed by Weaver and Clements but in a more 
analytical fashion (Barnes and Harrison 1982). Most 
importantly, Barnes and Harrison (1982) demonstrated that 
spatial distribution of the species observed is related to 
physiological conditions (verified by leaf water 
potentials). These conditions are determined by spatio-
temporal patterns of soil water potential acting on 
differences among the species in a suite of morpho-
physiological characteristics, including rooting depth, 
growth phenology, and C3 versus C4 photosynthetic pathways. 
In the tallgrass prairies of eastern Nebraska and Iowa, 
seasonal and topographic differences in soil moisture do not 
appear, typically, to be as extreme as in the Sand Hills' and 
other western regions, so closer scrutiny is required for 
adequate explanation of significant vegetation variation 
along more subtle moisture gradients. 
The effects of nutrient uptake characteristics in 
determining natural vegetation distribution in Iowa 
tallgrass prairie have not been examined, largely because of 
inadequate techniques and the high fertility of the soils. 
Nonetheless, rhizospheric depletion of nutrients and 
competition may be severe enough that variable root growth 
and absorptive characters may be important in determining 
species distributions (Chapin 1980). 
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Life history phenomena, especially propagule dispersal 
patterns, have been presented as adaptive mechanisms under-
lying topographic-moisture responses among Solidago spp. 
(Werner and Platt 1976) and the members of a community of 
fugitive species occupying badger mounds (Platt 1975, Platt 
and Weiss 1977). A number of propagule characters asso-
ciated with a group of characteristically sparse tallgrass 
prairie grasses have been cited as adaptive features 
ensuring establishment for species otherwise incapable of 
outcompeting the dominant grasses for space or light 
(Rabinowitz 1978, Rabinowitz and Raap 1981). 
The importance of ecotypic variability in understanding 
tallgrass prairie species distributions has been quite over-
looked since MCMillan's work (1959a,b) 
With the detailed clarification of community patterns 
in the central portion of the tallgrass prairie presented 
here, it is now possible to proceed with a more generalized 
analysis of tallgrass prairie vegetation, combining data 
from Wisconsin, North Dakota, Manitoba, Nebraska, Iowa, 
Missouri, Kansas, and Oklahoma. More importantly, 
controlling mechanisms of community structure ought to be 
pursued, including analyses of growth strategies, especially 
resource use efficiency and growth patterns, the relative 
contribution of propagule dispersal patterns, and the 
significance of adaptive strategies for population genetics. 
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CONCLUSIONS 
primary compositional gradients associated with topo-
graphic-moisture variation are nearly universal in plant 
community analyses (Whittaker 1977, Gauch 1982). Therefore, 
it is not surprising to find gross topographic position the 
most conspicuous environmental variable associated with the 
primary pattern of vegetation variation in the tallgrass 
prairies of Iowa and eastern Nebraska. In addition to the 
obvious effects of slope position on soil moisture, topo-
graphic sorting of soil particle size distributions contrib-
utes further to the gradient, with coarse soils associated 
with topographic highs and finer soils at slope bases. 
The present study represents a significant improvement 
over traditional classificatioris which offered no detailed 
analyses of species distribution patterns, and over 
continuum analyses based on a single gradient examining 
variation among 5 or 6 predetermined vegetation classes. 
DCA permits interpretable, objective organization of multi-
dimensional variation among stands, revealing greater detail 
than previously described and at a finer scale than 
previously achieved. Prairie vegetation is revealed here as 
a complex multidimensional mosaic of variation with 
distinguishable patterns at both regional and local scales. 
The local transect patterns identified in the second DCA 
ordination illustrate the small geographic scale at which 
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consistent patterns may be identified in prairie vegetation. 
The most significant advancement made in this analysis 
of tallgrass prairie community variation is the identifica-
tion of differing patterns of topographic vegetation 
response between different landscap~s. Using progressive 
fragmentation of DCA ordinations, soil moisture is separable 
into two components, internal and external drainage, each 
important in determining species distributions, but co-
varying in different patterns between landscapes, thereby 
evoking different local patterns of species response. As a 
consequence of regionally distributed differences in Quater-
nary landscape-forming processes, regional topography varies 
between landscapes, and soil characteristics (i.e. subsoil 
drainage) are significantly different between soil catenas 
of the different landscapes. The vegetation patterns on the 
different landscapes are similar to one another with respect 
to.species which vary simply with topography, divergent with 
respect to species which chiefly vary in abundance between 
landscapes, and interact with respect to the majority of 
species whose abundances vary in response to soil moisture 
as determined by interaction of topographic position and 
subsoil drainage characteristics. Local topography under-
lies local vegetation gradients, and regional landscapes are 
compositionally related to one another along a gradient of 
subsoil drainage. 
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